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ABSTRACT 
This study aimed at evaluating the impacts of removal of sand and growing 
of Seheimab shelterbelt on irrigation canals of northwestern parts of the Gezira 
Scheme. The study targeted Abu Guta and Begigea blocks, eighty tenancies were 
randomly selected out of five villages adjacent to northwestern parts of the Gezira 
Scheme. Those tenancies were divided into two groups: the first one whose 
tenancies were previously affected by desertification then rehabilitated and the other 
group was for those tenancies that were not rehabilitated. The evaluation was 
relevant to level of agricultural productivity as they live in the same geographical 
area. 
Descriptive statistic indicated that most of the tenancies shared the same 
social characteristics. It also indicated that the tenancies on rehabilitated land had 
higher annual income, which reflected their stability of crops cultivated areas. The 
effort for establishment of shelterbelts led to protection of some canals and restored 
some irrigation area from sand encroachment for the rehabilitated tenancies. For 
non-rehabilitated tenancies, productivity was directly affected by desertification. 
Tenancies of rehabilitated fields owned more animals than the tenancies of non-
rehabilitated fields because of their ability to keep animals and sell them when 
market price was high. However the non-rehabilitated tenancies were compelled to 
sell their animals at lower prices to satisfy urgent consumption need to compensate 
for their low income from other sources. 
When comparing rehabilitated and non affected tenancies in the block of Abu 
Guta using the official records for cotton, to confident the stability of crops 
cultivated areas found that the average yield for rehabilitated tenancies was less than 
the yield obtained by those in non affected areas. This was attributed to the decline 
in the quality of the soil being affected by sand after rehabilitation.  
The study concluded that restoring of the irrigation capacity, soil quality and 
establishing shelterbelts (to some extent) helped in increasing income of the 
tenancies in desert prone areas in Gezira Scheme. 
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  ﻁﺭﻭﺤﺔﺨﻼﺼﺔ ﺍﻷ
ﺳѧﺘﺰراع ﺣѧﺰام اﻟѧﺴﺤﻴﻤﺎب اﻟѧﻮاﻗﻰ ﻣѧﻦ إﻋѧﺎدة ﺣﻔѧﺮ اﻟﻘﻨѧﻮات و إ ﺗﻘﻴﻴﻢ ﺁﺛѧﺎر   اﻟﻰ  اﻟﺪراﺳﺔ ﻩهﺬهﺪﻓﺖ        
 .ﻤﺸﺮوع اﻟﺠﺰﻳﺮةﺑﺎﻟﻤﻨﺎﻃﻖ اﻟﺸﻤﺎﻟﻴﺔ اﻟﻐﺮﺑﻴﺔ ﻟاﻟﺘﺼﺤﺮ 
 ﻗѧѧﺮى 5 ﻋѧﺸﻮاﺋﻴﺎ ﻣѧﻦ   ﻣﺰارﻋѧًﺎ08 ﺑﻮﻗﻮﺗѧﺔ وﺑﺠﻴﺠѧﺔ ﺣﻴѧﺚ ﺗѧﻢ اﺧﺘﻴѧﺎر أﺷѧﻤﻠﺖ اﻟﺪراﺳѧﺔ ﺗﻔﺘﻴѧﺸﻰ     
ﻗѧﺪ آﺎﻧѧﺖ اﻟﻤﻘﺎرﻧѧﺔ ﻋﻠѧﻰ اﺳѧﺎس ، و ﻤѧﺸﺮوع ﻤﺜﻴﻞ اﻟﻤﻨѧﺎﻃﻖ اﻟѧﺸﻤﺎﻟﻴﺔ اﻟﻐﺮﺑﻴѧﺔ ﻟﻠ  ﻟﺘ ﻣﺘﺎﺧﻤﺔ ﻟﻤﺸﺮوع اﻟﺠﺰﻳﺮة 
ﻋѧﺎدة ﺗﺎهﻴѧﻞ ﻣѧﺰارﻋﻬﻢ داﺧѧﻞ اﻟﻤѧﺸﺮوع ٳ ﺑﺎﻟﺘﺼﺤﺮ وﺗﻤѧﺖ ﻦﻣﺘﺎﺛﺮﻳ: ﺔ ﺑﻌﺪ ﺗﺼﻨﻴﻔﻬﻢ اﻟﻰ ﺷﺮﻳﺤﺘﻴﻦ ﻴﺟاﻻﻧﺘﺎ
 .وﻣﺘﺎﺛﺮﻳﻦ ﺑﺎﻟﺘﺼﺤﺮ وﻟﻢ ﻳﺸﻤﻠﻬﻢ اﻟﺘﺎهﻴﻞ ﻋﻠﻰ اﻟﺮﻏﻢ ﻣﻦ ﺗﻮاﺟﺪهﻢ ﺑﻨﻔﺲ ﺗﻠﻚ اﻟﻘﺮى
وﺿﺤﺖ اﻟﺪراﺳﺔ  اﻻﺟﺘﻤﺎﻋﻴﺔ، آﻤﺎ أ ﺔ اﻟﻜﻠﻴﺔ ﻟﻬﺎ ﻧﻔﺲ اﻟﺴﻤﺎت ن اﻟﻌﻴﻨ اﻻﺣﺼﺎﺋﻰ أ وﺿﺢ اﻟﻮﺻﻒ أ
ﻋѧﺎدة ﺗﺎهﻴѧﻞ ﻣﻨѧﺎﻃﻘﻬﻢ وهѧﺬا ﻧﺘﻴﺠѧﺔ ٳﺪﺧﻞ اﻟѧﺴﻨﻮى ﻟﻠﻤѧﺰارﻋﻴﻦ اﻟѧﺬﻳﻦ ﺗﻤѧﺖ اﻟѧﻣѧﺴﺘﻮى ن هﻨѧﺎك زﻳѧﺎدة ﻓѧﻰ أ
ﺳѧﺘﺰراع ٳوﺳﺘﻘﺮار ﻓﻰ ﻣﺴﺎﺣﺔ اﻟﻤﺤﺎﺻﻴﻞ اﻟﻤﺰروﻋѧﺔ ﺑﻌѧﺪ اﻟﻤﺠﻬѧﻮدات اﻟﻤﺒﺬوﻟѧﺔ ﻻﻋѧﺎدة ﺣﻔѧﺮ اﻟﻘﻨѧﻮات ﻟٻ
ﻋѧﺎدة ﺗﺎهﻴѧﻞ ٳﻦ ﻟѧﻢ ﺗѧﺘﻢ ﻣﺎ ﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﻤﺰارﻋﻴﻦ اﻟѧﺬﻳ أ. ﻧﺘﺎجﺾ اﻟﻤﺰارﻋﻴﻦ ﻟٻ ﻋﺎدة ﺑﻌ ٳﻤﺎب وﻣﻨﻪ ﺣﺰام اﻟﺴﺤﻴ 
   .ﻣﺰارﻋﻬﻢ ﻓﻘﺪ ﺗﺎﺛﺮوا ﻣﺒﺎﺷﺮة ﺑﺎﻟﺘﺼﺤﺮ
ﻋѧﺪاد اﻟﺤﻴﻮاﻧѧﺎت اﻟﻤﺨﺘﻠﻔѧﺔ اﻟﻤﻤﻠﻮآѧﺔ ﺑﻮاﺳѧﻄﺔ اﻟﻤѧﺰارﻋﻴﻦ ﻧﺠѧﺪ ان أ  اﻟﺜѧﺮوة اﻟﺤﻴﻮاﻧﻴѧﺔ ﻓﻴﻤﺎ ﻳﺨﺺ  
ﺎﺛﺮﻳﻦ ﺑﺎﻟﺘѧﺼﺤﺮ، وﻳﻈﻬѧﺮ هѧﺬا آﺒﺮ ﻣﻨﻬﺎ ﻟﻠﻤﺰارﻋﻴﻦ اﻟﻤﺘѧ ﻋﺎدة ﺗﺎهﻴﻞ ﻣﻨﺎﻃﻘﻬﻢ أ ٳاﻟﻤﺘﺎﺛﺮﻳﻦ ﺑﺎﻟﺘﺼﺤﺮ وﺗﻤﺖ 
ظ ﺑﺎﻟﺤﻴﻮاﻧﺎت وﺑﻴﻌﻬѧﺎ ﻋﻨѧﺪ ارﺗﻔѧﺎع ﻋﺎدة ﺗﺎهﻴﻞ ﻣﻨﺎﻃﻘﻬﻢ ﻋﻠﻰ اﻻﺣﺘﻔﺎ ٳﻔﺮق ﻟﻤﻘﺪرة اﻟﻤﺰارﻋﻴﻦ اﻟﺬﻳﻦ ﺗﻤﺖ اﻟ
ﻟﻘﻠѧﺔ ﻣﻘﺎرﻧﺔ ﺑﺎﻟﻤﺰارﻋﻴﻦ اﻟﻤﺘﺎﺛﺮﻳﻦ ﺑﺎﻟﺘﺼﺤﺮ واﻟﺬﻳﻦ ﻳﺒﻴﻌﻮن ﺣﻴﻮاﻧѧﺎﺗﻬﻢ ﺣѧﺴﺐ اﻟﺤﺎﺟѧﺔ ﺳﻌﺎرهﺎ ﺑﺎﻻﺳﻮاق أ
 .ﺑﺎﻷﺳﻮاقﺳﻌﺎرهﺎ اﻟﻰ ﺗﺪﻧﻰ أ ﻳﺆدىدﺧﻠﻬﻢ ﻣﻤﺎ 
ﻟﻤﻨѧﺎﻃﻖ اﻟﻤﻨﺘﺠѧﺔ ﻋѧﺎدة ﺗﺄهﻴﻠﻬѧﺎ واٳﻋﻨѧﺪ ﻣﻘﺎرﻧѧﺔ ﻣﺘﻮﺳѧﻂ إﻧﺘﺎﺟﻴѧﺔ اﻟﻘﻄѧﻦ ﺑѧﻴﻦ اﻟﻤﻨѧﺎﻃﻖ إﻟѧﻰ ﺗﻤѧﺖ  
ن ﻣﺘﻮﺳѧﻂ ٲوﺟѧﺪ   وذﻟѧﻚ ﻟﺘﺄآﻴѧﺪ ﺛﺒѧﺎت إﻧﺘﺎﺟﻴѧﺔ اﻟﻤﻨѧﺎﻃﻖ اﻟﺘѧﻲ ﺗﻤѧﺖ إﻋѧﺎدة ﺗﺄهﻴﻠﻬѧﺎ,ﺧѧﺎرج ﻧﻄѧﺎق اﻟﺘѧﺼﺤﺮ
ﻧﻄѧﺎق  ﻟﻠﻤﻨѧﺎﻃﻖ اﻟﻤﻨﺘﺠѧﺔ ﺧѧﺎرج ﺔإﻧﺘﺎﺟﻴѧﻋѧﺎدة ﺗﺄهﻴﻠﻬѧﺎ أﻗѧﻞ ﻣѧﻦ ﻣﺘﻮﺳѧﻂ اٺٳ ﻟﻠﻤﻨѧﺎﻃﻖ اﻟﺘѧﻲ ﺗﻤѧﺖ ﺔإﻧﺘﺎﺟﻴѧ اٺ
ﻋﺎدة ﺗﺄهﻴѧﻞ ﻣѧﺰارﻋﻬﻢ ﻟﺘѧﺪﻧﻰ ﺟѧﻮدة اﻟﺘﺮﺑѧﺔ ﺑﻌѧﺪ ٳ اﻟﻤﺰارﻋﻴﻦ اﻟﺬﻳﻦ ﺗﻤﺖ ﺔإﻧﺘﺎﺟﻴٳاﻟﺘﺼﺤﺮ، وﻳﻌﺰى ﺗﺮاﺟﻊ 
 .ﺗﻌﺮﺿﻬﺎ ﻟﻠﺘﺼﺤﺮ
ﻋѧѧﺎدة ﺳѧѧﻌﺔ اﻟѧѧﺮى وﺗﺤѧѧﺴﻴﻦ ﻧﻮﻋﻴѧѧﺔ اﻟﺘﺮﺑѧѧﺔ ﻣѧѧﻊ ﺣﻤﺎﻳﺘﻬѧѧﺎ ﺑﻮاﺳѧѧﻄﺔ ٳ اﻟѧѧﻰ أن هѧѧﺬﻩ اﻟﺪراﺳѧѧﺔ ﺧﻠѧѧﺼﺖ
ﺎﻟﺘѧﺼﺤﺮ داﺧѧﻞ ﻣѧﺸﺮوع اﻻﺣﺰﻣﺔ ﺳﺎﻋﺪ اﻟﻰ ﺣﺪ ﻣѧﺎ ﻋﻠѧﻰ زﻳѧﺎدة دﺧѧﻞ اﻟﻤѧﺰارﻋﻴﻦ ﻓѧﻰ اﻟﻤﻨѧﺎﻃﻖ اﻟﻤﺘѧﺎﺛﺮة ﺑ 
 .  اﻟﺠﺰﻳﺮة
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                                     CHAPTE0R ONE 
INTRODUCTION 
 
1.1 General 
Desertification problem has universal impacts and cause, which 
extend beyond the dry lands most immediately affected.  
Desertification has a considerable bearing on overall economic 
performance and prospects in the majority of African countries because 
these countries rely heavily on their dry lands as their main resource base.  
Sudan is one of these countries lying within the desertification high risk 
prone zone, where desertification had threatened the irrigation sector, 
mechanized crop production schemes and traditional rain-fed agriculture. 
The area affected by drought and desertification in Sudan covered the semi- 
desert, arid and semi arid ecological regions which include most of the 
Northern, Northern Kordufan and Darfur States and some parts of the 
Gezira and Eastern States (Salih, 1993).            
In the western Gezira Scheme of the Gezira State, human activities 
exposed that part to sand encroachment. The hazard to the scheme 
infrastructure included filling of irrigation canals by sand, changing of 
topography of the field, leading farmers to move out of production. In other 
situations, many villages were deserted and covered by sand because of the 
destroyed natural vegetation by deforestation for supply of fire wood and 
building materials. 
 
1.2 Socio-economic aspects 
The total number of villages suffering from sand invasion in the 
study area was about 28 in El-hasahessa province (UNEP and LAS, 1995). 
 2 
 Poverty is the main factor that shapes the vulnerability of the human 
communities in the study area, their response and adaptation to 
desertification, and the efforts they exerted to combat desertification. 
Indicatives are the high rate of illiteracy and, therefore, lack of skill for 
high earning jobs. Accordingly they have low income and limited resources 
(Al-amin, 1999).  
This study aims at assessing and comparing the socio-economic 
impacts on tenancies previously affected by sand encroachment then 
rehabilitated with non rehabilitated tenancies, as they live in the same 
geographical areas, also to study the effects of sand encroachment on their 
villages in the area. 
 
1.3 Statement of the Problem 
The north western part of the Gezira scheme ling in the arid climate 
of the Sahel zone, is recently facing serious thereat of sand encroachment 
covering fields and irrigation canals. Many villages were buried by sand 
dunes. The rehabilitation activities of Saheimab canal and the Eucalyptus 
microthica (Ban trees) of Saheimab and Eltahmeid shelterbelts (36km 
length with 40meter width and 12km length with width 200m respectively) 
were established to some extent to protect the scheme from sand 
encroachment. Up till now, the hazards threaten the socio- economic 
condition of the people in the non rehabilitated areas of the scheme and put 
them out of production 
 
1.4 Objectives of the Study 
The main objective of this study is to evaluate the socio-economic 
status of tenancies affected by sand encroachment then rehabilitated 
compared to those non rehabilitated tenancies. 
 3 
 The specific objectives of the study were as follows: 
1. To Assess the socio-economic effects of desertification: 
•  On livestock population and production. 
•     On migration by number of migrants, type of migration and 
reasons for migration. 
2. To assess the impact of desert encroachment:  
• On crop production pattern. 
• On crop productivity. 
• On crop income to tenants.  
3. To evaluate the extent of environmental awareness among people 
in affected and not affected areas helping in reducing the effects 
of environmental hazards caused by the moving sands. 
 4 
                                      CHAPTER TWO 
LITERATURE REVIEW 
  
Recently, the issue of desertification in both developed and 
developing countries has received much attention worldwide because it is 
considered as one of the major socio-economic and environmental 
problems in the world.            
This chapter is concerned with giving a general review on aspects 
that are related to desertification, or assumed to have direct or indirect 
effects on socio-economic status of people. 
 
2.1 Desertification   
Desertification is the result of a complex interaction of a number of 
factors. One of these factors is the effect of man. This effect has been a 
result of population growth and resource mismanagement. The other factor 
is that of climate change, which is important in effecting the severity and 
the rate of desertification. This change made drought one of the major 
causes of desertification since with each drought cycle, dry land 
degradation increases. 
 
2.2 Definitions of desertification 
The definition of desertification has been developed through time. 
As early as 1949, the scientist Aubreville thought of desertification in 
tropical Africa, where he worked, as the changing of productive land into a 
desert as the result of ruination of land by man-induced soil erosion. 
Aubreville was quite clear in his conclusion that desertification in tropical 
Africa was due to man's activity, and that there had been no significant 
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 climatic change during the past thousand or more years. Most of that 
destructive activity has occurred within recent historic time by the action of 
agricultural populations (Dergne, 1986). The later definitions, by the UN 
agencies and others introduced the behavior of man and his attitude 
towards managing the natural resource base around him. 
The latest agreed upon definitions were those that combined the 
effect of both the climate change and the mismanagement of human beings 
of their environment.  
For assessment purposes, a simple recent definition was given by 
UNCOD in (1977) as:  
“A process leading to reduced biological productivity, with consequent 
reduction in plant biomass, in the lands carrying capacity for livestock, in 
crop yields and human well being leading to the intensification or extension 
of desert conditions".  
In this concept, the reduction of potential resources or a combination 
of processes such as physical or chemo-physical process induced by 
biological or biophysical mechanisms that reduce plant cover and 
productivity leading to conditions unusual for man.  
In 1986, Dergne emphasized that droughts related to man’s activities 
were the main causes of desertification and described the phenomenon as:  
"The process of impoverishment of ecosystems under the impacts of 
man".  
The process of deterioration in these ecosystems can be measured by 
reduced productivity of desirable plants, undesirable alterations in the 
biomass and the diversity of the micro and macro fauna and flora, 
accelerated soil deterioration, and increased hazards for human occupancy. 
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     United Nation Conference on Environment and Development 
(UNCED) held at Rio D-Janeiro of the Earth Summit (1992) proposed a 
new definition for desertification as follows: 
         "A process of land degradation in arid, semi-arid and dry sub humid 
areas resulting from various factors including climatic variation and human 
activities". 
This definition emphasized the relationship between climatic factors 
and the socio-economic conditions of populations. Most of the definitions 
highlighted the symptoms of the problem as indicated by deterioration in 
biological potentials of the land and low crop yield. This definition also 
mentioned the main causes for desertification as triggered by mans 
activities and misuse of natural resources.  
Most of the recent studies prefer the use of the term desertification 
because it implies the effect of human activities and mismanagement of 
resources associated with climatic change. 
In conclusion the last definition of desertification by UNCED (1992) 
may be an appropriate definition because desertification is considered as 
the product of interaction of climate change with irrational utilization of 
resources base by man. The climate change is closely linked to 
desertification because it intensifies and accelerates the process. Hence, 
human activities and climate change are two processes that overlap.   
 
2.3 Causes of desertification  
The causes and consequences of desertification are largely rooted in 
socio-economic factors, as it is concerned, primarily with its direct and 
indirect impact on the welfare of human population. Hence, the complexity 
and diversity of the causes of desertification make it difficult to evaluate its 
magnitude.  
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 The Sudanese Desert Encroachment Control and Rehabilitation 
Program (DECARP) in 1976 concluded, that no one single factor causes 
desertification. Obviously, it is a combination of factors, involving fragile 
ecosystems, developed under cruel and fluctuating climate, and man's 
activities, some of which are increased in permanent magnitude by weather 
fluctuation, especially periodic droughts.         
The following processes are important because they are more wide 
spread and they have large impact of desertification leading to low 
productivity in agriculture.         
 
2.3.1 Over grazing 
 DECARP, (1976) stated that over-grazing had broken down the 
dynamic equilibrium that once existed between livestock and the natural 
resources, causing desert or range land domination. The grazing condition 
in Agadez, Niger, on the south side of the Sahara, gives an example of 
accelerated desertification in recent decades under 100-350 mm rainfall 
zone (Bernus, 1977). Glantz, (1986) stated that over grazing causes soil 
compaction and reduces infiltration of rain water into the soil and increases 
surfaces runoff. As a result, soil fertility decreases, water erosions 
increases, and the vegetation suffers from moisture shortages. In India, 
UNDP, (1986) described grazing lands as causes of soils and vegetation 
degradation as the result of the excessive pressure of cattle herds.   
 
2.3.2 Deforestation 
According to the World Commission on Forests and Sustainable 
Development1 (WCFSD), (1999), about 14 million hectares of tropical 
forests had been lost each year since 1980 as a result of changes in land use 
from forest to agriculture. In Sudan large areas of arid zone had turned into 
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 desert. Illegal and unregulated deforestation resulted from over cutting of 
national forests to meet Sudan energy needs, of which about 80% was 
provided as biomass in the form of fire wood and charcoal (Bashir, 2001). 
Reports on the State of the World’s Forests and world’s Forests Resources 
Assessment (2000) released in 2001 by FAO showed that an annual 
deforestation was 0.96 million hectares in the Sudan during 1990-2000 
(FNC, 2004). The severe over cutting of natural forests east of White Nile 
which act in part as a barrier to moving sands, allowed the encroachment of 
sand to reach the Gezira Scheme and covered the canals and villages over 
there  (FAO, 1986).  
In forest areas, the major causes of land degradation were illegal 
commercial logging, conversion of forest land into agriculture associated 
with infrastructure and/or human settlements. The loss of forest or 
woodland puts the survival and income of communities that depend on 
forest at risk (GEF, 2003).  
 
 
2.3.3 Over cultivation 
Over cultivation has been mentioned as a major cause of 
desertification. In Sudan, Mensching and Ibrahim (1976) stated that “Field 
study has firmly convinced us that transgression over the potential, 
(climatically controlled border of millet cultivation) has been the major 
factor in the process of desertification in Northern Darfur. This assumes 
that the desert creeps southwards with the advance of north-eastern trade 
winds. The sand creep continued, originated from the Qoz-belt, by the 
expansion of crop cultivation. UNEP (1991) stated that frequent 
agricultural expansion to marginal lands resulted in rapid land degradation 
with a subsequent decline in production. Hunger for land often causes 
agricultural encroachment by marginalized farmers into marginal dry lands. 
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 Bashir (2001) estimated that about 50%-83% of the monthly fire 
wood supplies to the capital cities originated from northern Upper Nile 
State. The bulk was produced in areas already under marked land clearance 
for mechanized agriculture.  
In conclusion, desertification often originates on land cleared for 
cultivation or left fallow. Removal of the original vegetation cover exposes 
the soil to accelerated wind and water erosion. 
 
2.3.4 Wind erosion 
Wind erosion removes soil and natural vegetation and causes dryness 
and deterioration of soil structure leading to desertification.  
Blowing soil or soil erosion by wind is a complex process. It 
involves detachment, transport, sorting, abrasion, avalanching, and 
deposition of soil particles (James and Croissant, 1994). In Sudan, wind 
erosion is the main desertification process as it affected about 27 million 
hectares out of 64 million hectares of degraded soils. Most of it in the hyper 
arid and arid zone (Ayoub, 1998). Desertification in western Sudan is an 
example of exposed land to wind and water erosion. In El- Odaya region, 
natural sandy soils have been increasingly affected by wind and water 
erosion. Soil erosion has been especially manifested around animal 
watering points and areas of intensive agricultural production. A general 
decline in soil fertility due to the reduction of fallow periods has also 
occurred. Continued population growth, livestock rising and increasing 
demand for agricultural land were expected to intensify land degradation 
process (UNEP, 1992). 
Winds rooted sand dunes and encroach it to move from site to other 
site guided to desertification, wind direction and the amount of available 
sand affected sand dunes size and shape (Tsoar, 2002). Modern techniques, 
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 such as aerial photography and satellite images, have been used to classify 
dunes based on their characteristics. Sand dunes are classified according to 
their characteristics that rally round their form under winds blow from one 
or different directions. However, to assess their shape, height, size and 
mobility help in rehabilitating desertification process. 
Figure (2.1) shows a hypothetical of the causes and mechanisms of 
desertification. These causes deemed to occur with long-term interaction 
between physical, topographical and human components. Mechanism (1) is 
caused by human activities such as stress on land through over cultivation, 
severe fire-wood cutting for energy demand, over grazing which leads to 
the loss of vegetation cover and may cause water and wind erosion. 
Mechanism (2) also affected by human activities, which comes as the result 
of poor irrigation practices, increased sedimentation, salinization and 
alkalinization and water logging resulting in reduced soil fertility. These 
will lead to poor  
land management, removal of natural vegetation, and increase of run-off 
and as a consequence, soil organic matter loss, and result in a surface more 
susceptible to erosion.  
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 2.4 The effect of desertification in Sudan 
One of the most important issues facing Sudan in general today is the 
threat of continued drought and desertification, resulting in destruction of 
natural resources and their political and social disturbances.  
In 1976, the government of the Sudan formulated  DECARP, which 
described the problem of desertification as a man-made phenomenon 
caused by intensive misuse of natural resources such as overgrazing, over 
cultivation, deforestation, uprooting of shrubs for fuel and lowering of 
water tables due to increased water use, burning of grasslands and forests. 
The overall situation in areas affected by desertification particularly 
in Central Sudan (Kordofan) may be illustrated as concluded by UNEP, 
(1991) as: “The drought of 1982-1984 resulted in serious dry land 
degradation in central Sudan (Kordofan). The period was characterized by 
greatly diminished rainfall, loss of vegetation, crop failures with zero 
harvest of cereals, soil erosion, famine, suffering and death of people and 
livestock, and human migration from the region”. Some effects of 
desertification in Sudan are discussed in the following parts: 
 
2.4.1 The effect of desertification on land in Sudan 
  Deterioration in soil and plant cover has adversely affected the 
land areas as a result of human mismanagement (UNEP, 1991). According 
to FAO (1992) the degradation of fragile dry lands threatened the 
livelihoods of over 900 million people in some 100 countries. The situation 
was especially serious in Africa where most of the agricultural dry land 
was already degraded.  
Sudan comes within degraded African countries, in the southern 
edge of the Sahara desert and along the Nile mobile sand dunes threats to 
the agricultural land, villages, infrastructures and alluvial strip and 
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 depression along the Nile (Ayoub and Musa, 2004).  In the desert and 
semi-desert regions of northern Sudan, deterioration of the vegetative cover 
as well as the disappearance of wildlife were recognized as the main 
features of desert encroachment (Hellden,1988).  
 
2.4.2 The effect of desertification on agricultural production in Sudan  
Continued agricultural expansion to marginal lands frequently 
resulted in rapid land degradation, with a subsequent decline in production 
(UNEP, 1991). Scherr and Yadav (1996) suggested that 5-10 million 
hectares had been lost annually to severe degradation. If this trend 
continues, about 1.4%-2.8% of total cropland and forest land would be lost 
by the year 2020.Declining yields or increasing input requirements to 
maintain yields would be needed over much larger area.  
In western Sudan desertification had shocking effects on the natural 
environment and led to considerable reduction in food production (Ali, 
1991). Ahmed, (1994) pointed out that sand encroachment in the Gezira 
scheme has resulted in irrigation problems such as coverage of canals with 
sand which led to reduced productive areas. In fields, sand creeping makes 
the gravity irrigation difficult for crops. Soil fertility is expected to change 
depending on the type of the added soil. Finally, all these direct or indirect 
factors would   result in low crop productivity.  
 
2. 5 The effect of desertification on food and food security   
Food security exists when all people at all time have both physical and 
economic access to sufficient food to meet their dietary needs for a 
productive and healthy life (USAID, 1995). The relationship between 
environmental degradation and food insecurity, especially in arid and semi 
arid areas is indicated by (a) the long term and accumulative environmental 
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 degradation resulting from inappropriate cultivation practices, over 
grazing, excessive fire- wood cutting, burning and deforestation. (b) the 
decline and/or collapse of permanent productive systems. These will affect 
food security and increase poverty (Abedlati, 2002). UN, Secretary General 
Annan (2003) in the world Day to Combat Desertification and Drought sent 
the following message reflecting the effect of desertification on poor rural 
areas threatening food security and triggering humanitarian and economic 
crises: “Desertification and drought cause an ever-increasing global threat. 
Human activities such as over-cultivation, overgrazing, deforestation and 
poor irrigation practices, along with climate change, are turning previously 
fertile soils into unproductive and infertile patches of land. Arable land per 
person is shrinking throughout the world threatening food security, 
particularly in poor rural areas.”  
In general, desertification does not only threaten the agricultural base of 
production but also the existence of the livelihood of the people and the 
social structure of the communities. It also causes loss of biodiversity and 
ultimately put food security at risk (Alwakeel, 2004).  
 
2.6 The effect of desertification on poverty 
Our common future as underlined by the report of the World 
Commotion on Environment and Development (WCED) in 1987 connected 
between poverty, international policy and environmental degradation. The 
report emphasized that poverty itself effected the environment; however 
poorest hungry peoples will often destroy their immediate environment in 
order to survive. They will cut forests, overgraze grasslands, overuse 
marginal and then crowd into the congested cities. The accumulative effect 
of these changes is so far reaching as to make poverty itself a major global 
scourge. UNEP (1991) stated that land degradation and poverty issues 
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 reflected socio-economic, biological and political problems. Abedelati 
(2002) affirmed that farmers, being poor, are unable to restore the soil 
fertility or improve their agricultural technology, or practices. As a result of 
the degradation, they are forced to move to other areas, expanding further 
the degraded area and ultimately move to urban centers, causing more 
degradation.  
 This following message by Secretary-General Kofi Annan (2003) for 
the World Day to Combat Desertification and Drought, reflected 
desertification cause and a consequence of poverty: 
   “The poor often farm degraded land that is ever more unable to meet their 
needs, desertification is both a cause and a consequence of poverty. 
Fighting desertification must, therefore, be an essential part of our efforts to 
eradicate poverty and verify long-term food security".  
 
2.7 The effect of desertification on migration   
When an imbalance develops between population numbers and the 
carrying capacity of the land, the persons thereby displaced are referred to 
as environmental refugees. The utilization of the land beyond sustainability 
leads to land degradation and ultimately desertification. 
United Nations (2004) pointed out that the reasons for migration 
include desertification and drought that affected many areas in Sudan, 
particularly Western Sudan. Both resulted in famine, the search for better 
social services such as education and health facilities, employment 
opportunities, and war in the south and in the Darfur Region. The majority 
of the war and drought-affected migrant population are employed by the 
informal sector while the rest are involved in livestock and agricultural 
activities.  
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 The desertification-poverty-migration phenomenon has been 
growing in Latin America and the Caribbean. Desertification affected much 
of the Peruvian coastal areas, where migration from rural areas has been 
growing rapidly. Haiti had experienced a 20% decline in productive lands 
and only 2% of its territory remains forested. Many experts believed that 
rapid population growth in the rural dry land areas could place increased 
stress on land and water resources, cause greater subdivision of land, 
reduce farm income and results in greater social fragmentation and 
migration (NHI, 1997).  
 
2.8 The effect of people on desertification and vice versa  
The increase of population and livestock pressure on marginal lands 
contribute to the expansion of desertification or land degradation processes 
(Tewari, 1987). Degradation in any one place can be caused by complex 
mixed different combinations of causes such as over grazing, over 
cultivation and population pressure (Warren and Agnew, 1988). The 
incorporation of population in the national development poses considerable 
socio-economic challenge. This is compounded by the fact that population 
continues to increase in the low rainfall areas, without a corresponding 
increase in extra agricultural employment possibilities. Any intervention in 
the low rainfall areas should, therefore, recognize the relationship and the 
incorporation of population in the main stream of the national development 
process (FAO, 1989).  
 Gorse and Steeds (1987) stated that overall population pressure is 
determinant to vegetation loss, especially in areas with limited land 
reserves and energy sources. In the high population density areas of West 
Africa, for instance, concentration of demand for arable land and fire wood 
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 rest at the root of resource abuse. In these areas patches of desertification 
are the most visible. 
United Nations Population Information Network, (POPIN) in 1995 
reported that, population growth among both the Maasai pastorals and the 
sedentary agricultural population in Kenya led to competition for land 
between the two groups, which caused degradation and desertification in 
certain areas.  
 
2.9 Desertification control 
Techniques for combating desertification are, in fact, practices to 
control several desertification processes that, in the aggregate, represent 
desertification. The major processes are vegetation degradation, water 
erosion, wind erosion, salinization of soils, and soil compaction (Dregne, 
1989).  
To reduce and control desertification, a lot of research is carried out 
and various technologies are known like:   
Soil conservation:   
Soil conservation is based on covering the soil to protect it from 
raindrop impact, increasing the infiltration rate to reduce runoff, improving 
the aggregate stability of the soil and increase surface roughness to reduce 
the velocity of runoff and wind (Morgan, 1995).  
The various conservation techniques can be described under the 
headings of (i) agronomic measures; by utilizing the role of vegetation to 
protect the soil against erosion, (ii) soil management; by ways of preparing 
the soil to promote plant growth and improve its structure, (iii) by 
manipulating the surface topography; for example: installing terraces to 
control the flow of water and wind (Morgan, 1995). Mustafa and Saeed 
(2004) stated that most techniques applied for soil conservation cause water 
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 conservation. For example, mulching to minimize soil erosion, loss of 
organic matter, and soil fertility, improve soil structure, infiltration rate and 
thus conserve soil and water.    
Water harvesting techniques:  
Water harvesting can be defined as collection of runoff for its 
productive use. Moe precisely, water harvesting is the process of collecting 
and concentrating rainfall as runoff from large non-cultivated areas to be 
used in smaller cultivated areas (Leeuwen, 2003). 
Ahmed (2003) concluded that water harvesting is the most practical 
and economical solution to narrow the gap between demand and supply. It 
is expected that rain water harvesting will play an increasingly important 
role in enhancing food production in areas on rainfall agriculture, 
especially, in the dry areas.              
Coping strategies besides that people can cope with desertification 
by changing land use and/or location in several ways. Al-amin, (1999) 
gaves some examples: (i) temporary or permanent migration to other places 
(ii) change in the use of land by growing crops adapted to drought and 
desertification (iii) using more protective methods by applying irrigation, 
decreasing  the number of animals and stopping trees over-cutting.  
UNESCO and UNDP (1993) suggested strategies to reduce or   
prevent the hazards of desertification. These strategies were based on the 
following principles: 
• Participation of all socio-economic groups at all stages; 
• Decentralization of resource management of local 
communities, who are the first beneficiaries and main actors; 
• Integrated approaches to long-term improvements while 
giving special attention to the short-term needs of local 
communities; 
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 • Iterative approaches to ensure the necessary adjustment of 
the activities undertaken; and  
•  Long-term involvement and commitment of all the partners. 
Sudan has been responded to the issue and elements of 
desertification and drought since the late 1940, where the Sudan 
government formed a commission to investigate desert encroachment on 
the irrigated lands in the Nile and rainfed areas. It indicated that the desert 
marginal zone has expanded southwards into the most active economic 
regions of the Sudan reflected on the productivity of both cultivated land 
and pastures (Elsanjak, 2000).  
The other document prepared by Sudan government entitled 
DECARP 1976, which included a wide range of projects in agriculture, 
range-land, wild-life, surface and ground water, forestry and other activities 
which due with areas affected by desert encroachment ( Elsanjak, 2000).  
In 1978 National Encroachment and Monitoring Unit was 
established by Sudan Government and supported by UNESCO in 1980. 
The efforts were continued until in 1988 the Ministrys of Agriculture 
prepared the proposed National Plan for Combating Drought and 
Desertification. In 1991 the Ministry of Agriculture, Natural Resources and 
Animal Wealth reestablished the unit of National Drought and 
Desertification Control Coordination and Monitoring Unit (NDDU) which 
draw the national plan for combating drought and desertification. Recently, 
in Sudan a Geographic Information System (GIS) unit was installed and 
compilations of different information were carried out (Salih, 1993). 
Despite the seriousness of the environmental and socio-economic impact of 
desertification and drought in the Sudan, few efforts have been made to 
devise diagnostic and monitoring techniques for appraising the status and 
trends of desertification.          
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 2.10 Attempted to control desertification 
2.10.1 Establishment of forests 
The forest has a major role to play in reversing desertification trends 
and in providing an outstanding long-term investment in the valuable 
natural resources needed for continued development. In dry zones, the main 
efforts to wards re-establishment of forest resources have been directed to 
the artificial forestry production systems, which in lower rainfall areas, are 
frequently associated with water harvesting and soil and water conservation 
work (FAO, 1989). 
Forests maintain favorable and stable conditions needed for 
sustained agricultural productivity. Trees prevent soil erosion, enhance soil 
fertility and maintain soil moisture. Developing countries, particularly 
those in arid zones, rely on trees to prevent erosion, halt desertification and 
protect biological diversity, crops, settlements and watersheds. Their rural 
population depends on trees for fuel, poles for construction and a range of 
none- wood forests products such as fodder, food and medicines. In those 
countries there is little potential for producing industrial wood (FAO, 
2003).  
FAO (1982) suggested that links between population density/growth 
and land conservation are weak. Other factors such as the development of 
the overall economy, urbanization, policies, legislation, culture and 
tradition might have explained a relatively large proportion of the variation 
in the rate of forest area change among countries (FAO, 2001).  
In conclusion sustainability multiple roles and functions of all types 
of forest lands and wood lands is an international problem. Chapter 11 of 
Agenda 21 reported by the United Nations Conference on Environment  
and Development (UNCED,1992) shown that there are major weaknesses 
in the policies, methods and mechanisms adopted to support and develop 
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 the multiple ecological, economic social and cultural roles of trees, forests 
and forest lands.  
 
2.10.2 Use of energy  
Energy alternatives have been promoted to meet the wood-fuel 
deficit and conserve the environmental degradation. Gabat-Gas Project 
prepared by Forests National Corporation (FNC, 2004) aimed at changing 
consumption attitudes by reducing fire wood and charcoal consumption by 
50% in a period ranging between 3 and 5 years. This was to be effects by 
encouraging the use of other biomass alternatives in order to protect forest 
and preserve the environment. Distribution of gas cylinders and their 
accessories was proposed to reach people in the dry areas of the Sudan 
through establishing permanent gas storehouses in the cities and urban 
centers together with mobile storehouses in rural areas. It also aims at 
encouraging the use of brick ovens and traditional bakeries using gas, 
kerosene and furnace instead of firewood and charcoal.  
Shomm and El Waleed (1996) stated that Carbonization of 
agricultural residues expected saving in natural forests, the most useful 
candidates for energy purposes are cotton stalk, groundnut shells and 
bagasse. The produced residue coal briquettes reflected good properties 
(67% of the wood charcoal heat value) and burning characteristics and their 
marketing expected that acceptability.  
From the environmental point of view if all available promising 
residues were utilized as energy source the natural forests will be saves 
annually and the environment positive impact would be great.  
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 2.10.3 Shelterbelts establishment  
Shelterbelts are one type of wind breaks composed of a number of 
tree rows established round vast extended land. They are used to protect 
land against erosion and provide it with suitable environment. Shelterbelts 
are, also, established around villages and towns in order to protect them 
from wind and moving sand.  
Hanno (2003) found that Shelterbelts which surrounded El Basheri 
Oasis in Northern Kordofan State were able to stop sand dunes movement 
efficiently. They would create microclimates that reduce temperature, wind 
velocity and contribute to reduced dust storms. In addition, the shelterbelts 
would create favorable conditions for growth of new plants species, helped 
in increasing crops productivity, provide forest products, increase livestock 
production and improve socio-economic status.  
 Gupta, et al. (1997) reported that in India shelterbelts along the 
boundaries of crop fields helped to reduce damage to tender seedlings from 
sand blasting and desiccating winds. Shelterbelts also reduce the loss of 
moisture from fields. At least 14% higher soil moisture and 70% more 
grain yield of pearl millet were recorded in the lee of shelters, as compared 
to that in the areas without shelters.  
 The Agriculture and Agric-Food of Canada, (2005) found that the 
prairies crops grown in fields protected by shelterbelts yielded better than 
those grown in unsheltered fields. This was due to many interacting factors 
including less soil erosion, lower wind speed and evapo-transpiration and 
higher temperatures (www.agr.gc.ca/pfra/soil/swork2). 
 
2.10.4 Regeneration of vegetation 
Vegetation is most vulnerable to drought and desertification if not 
properly managed, rehabilitated and improved. These require the actions of 
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 man to restore the degraded land and vegetation. The options for these 
action decrease with increasing dryness.  FAO (1986) detailed measures to 
restore degraded land and vegetation as follows: 
(a) Sand and sand-dune fixation through artificial sowing of plants 
including trees, shrubs and grass species, (b) Establishment of plantations 
on degraded lands, especially on irrigated degraded lands, (c ) 
Establishment of trees, shrubs and grass plantations of value to restore the 
fertility of degraded lands where rain-fed cultivation is practiced, (d) 
Seeding and planting catchment areas and stock of permanent and seasonal 
water-courses for regulation of water-flows and erosion control, (e) Use of 
improved species and varieties and better management and operation 
systems. 
Moreover, Abu Suwar and Darrag (2004) summarized that the 
study conducted in Bara project among nomadic areas to save wood energy 
through improving stoves for cooking and using mud in building huts 
instead of wood showed high success for carbon sequestration and range 
rehabilitation. The project also focused on implementation of series of pilot 
projects for reserving and seeding across the Savanna Belt at El Odaya 
town in Western Kordofan State. They found that the most important of 
seeding was the rehabilitation of the range degraded areas around 
permanent water supplies.        
 
2.10.5 Agroforestry 
  An ultimate goal of agroforestry is conserving the soil and water 
sources while satisfying the need of rural people for food, fuel and income. 
Successful agroforestry depends upon the quality and quantity of products 
that may be produced, but also largely upon the socio-political strategies of 
a project (FAO, 1989).      
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  Agroforestry is a land management system that combining 
agricultural production and crops fodder on the same unit of land. The 
system conserves nutrients and increases the yield of grain, forage, timber, 
animal products and improves the environments (UNESCO, 2004)  
Fadl (1999) found that the use of mesquite (Prosopis juliflora) in 
agroforestry had a great potential for rural people in a region very 
vulnerable to drought and famine. Fadl (1999) confirmed the feasibility of 
agroforestry in Acacia senegal gardens of Kordofan sands however, 
agroforestry lends itself as the most appropriate for its many virtues, 
particularly increasing soil fertility and hence crop yields and conserving 
the environment. Pod production is of paramount importance especially 
during times of scarcity of fodder and food. 
Basic principles for combating desertification can be summarized 
in several points including: (i) the necessity for planning on long-term basic 
collaboration and coordination among stakeholders at all levels, (ii) 
determination of the appropriate use of resources, (iii) establishment of 
appropriate mechanisms and implementing programs and projects designed 
for controlling desertification and (iv) mitigating the effects of drought.            
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 CHAPTER THREE 
MATERIALS AND METHODS 
 
A general review of the research methodology used in this study will 
be the subject of this chapter. Two types of data were used namely; primary 
and secondary data. Secondary data were collected from reports, official 
records, documents and internet. While the primary data was collected 
through personal interviews with individuals using structured 
questionnaire, group discussions and observation. The survey area, data 
collection methods, sampling design, sample size, and the analytical 
techniques used will be discussed below:  
 
3.1 Site of the Research 
Gezira is a metaphorical island between the White Nile and the Blue 
Nile. The Gezira is wedge –shaped plain, bordered by the White Nile to the 
west, the Blue Nile to the east, and the Kosti-Sennar railway line to the 
south. The Gezira Scheme located on Geziera state whatever, this scheme 
is important to the Sudan economy with a total area of about 2.2 million 
feddans which uses a gravity irrigation system. The Scheme is divided into 
18 administrative units, each of which is sub divided into further blocks, 
making 109 in total. This corresponds to 1,055 villages, in which the 
112,000 tenancies families live.  
Out of the total land under irrigation, about 1.5million feddans per 
year are cultivated on a crop rotation basis. Crops cultivated in the scheme 
are cotton, wheat, sorghum, groundnut, and small area of vegetables. 
The scheme administration provides the farmers with inputs in form 
of seeds, chemicals (fertilizers and pesticides) and irrigation water while 
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 channel preparation was carried out by administration office. Farmers 
have to provide other inputs themselves. Each farmer within the scheme 
possesses 20 feddans (21 acres) for the main crops: cotton, wheat, sorghum 
and groundnuts.  
The tenancies pay 12% of their gross returns of cotton, which are 
allocated as follows: 2% for social development, 4%for local government 
council, 5% Zaka, 1% for the tenant reserve fund. The net proceeds go to 
tenants. Figure (3.1) shows the land cover map of the study area.   
The study selected six villages and was conducted in Abu Guta and 
Begeiga Blocks in the north-western part of the Gezira Scheme because 
they were most affected by desertification (see figure 3.2). 
 
3.2 Vegetation cover  
Lack of permanent vegetation cover in certain locations within the 
Gezira Scheme has resulted in areas affected by extensive wind erosion.   
The vegetation cover in the Gezira Scheme in Abu Guta area is 
characterized by a mixture of grasses and herbs with scattered bushes. Plant 
community distribution is determined by topography (Al-amin, 1999). The 
vegetation cover in the area was affected by land use pattern particularly 
rain fed agriculture. The natural vegetation is composed of Acacia thorn on 
dark cracking clays mainly of dominant tree species of Acacia tortilis 
(Samr, sarih) mixture of Cappris decidua (Tundub) Ziziphus spina-christi 
(Sidr) and alternating with grass land mainly of Cymbopogon nervatus 
(Nal). 
 
 
 
 
 27 
 
 
 28 
 
 29 
 3.3 Climate 
The climate of the area is a semi arid zone climate where the 
potential evaporation exceeds annual rain fall.  
 Wind is considered the important erosion factor in the area due to its 
ability to carry the sand particles for the long distances. 
The prevailing winds blowing over the area are south western winds 
and north eastern winds. The south western winds are humid winds from 
June to September while the north eastern winds are dry winds from 
November to April-May. These winds have no stable direction during those 
periods. 
The unrestricted advancement of sand dunes hit the scheme in 
different parts. The study area of Abu Guta and Begeiga area has been 
affected by sand carried by the south western winds during the summer 
season, while El-Tahamid area has been affected by sand carried by south-
eastern wind during the winter season. 
       Temperature varies during the year. Maximum temperatures occur in 
May and in September/October. A relatively low maximum air temperature 
during July and August is due to the cloudiness during the rainy season.  
Rain falls in the period between July to September and its quantity 
starts from 250 mm in the northern part of the study area and increases 
southwards to 450 mm in the southern parts. The area has been affected by 
the droughts that hit the Sudano-Sahelian zone in 1968-72 and 1981-85 
(Alebaid, 2003). According to Sudan metrological station, (SMS, 2004) the 
shifting position of the mean annul rainfall during 1970-2004 and the 
changes during of the wet season in Khartoum, and El-Dueim the two 
nearest meteorological stations to the study area (Dueim and Khartoum) 
registered the annual rainfall in mm, (Table 3.1) over the same period are 
presented in Figure (3.3). It elaborated a direct relationship existing 
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 between average annual rainfalls, average rain fed area and its production. 
When the annual rainfall was less than 400 mm, the season of the rainfed 
agriculture is not successful and affects farmers income. In addition, the 
fluctuations of rainfall and destruction of vegetation cover, however, 
expose the area to sand encroach 
 
3.4 Soil and Topography 
The soil of the study area is composed of dark cracking clay 
(Vertisols), which is often referred to as black cotton soil. The effect of 
sand deposition led to adverse changes in the physical properties of the 
cracking clays, reflected in the permeability, water holding capacity and 
bulk density (Fadul, 2002). 
The chemical properties are generally known to have low values of 
organic carbon, nitrogen and available phosphorus. However, the sand-
encroached sites have even lower values of organic carbon, nitrogen and 
available phosphorus, which further degraded the fertility of the Vertisols 
(Fadul, 2002). 
 
3.5 Land use 
Land use is the term used to describe human uses of the land, or 
immediate actions modifying or converting land cover. And the concept of 
land utilization includes the kind of crop, the succession of the crop in the 
rotation and the farming system. 
The crop rotation in the study area of the Gezira scheme is made up 
of five course rotations (Cotton-Wheat-Groundnut/Vegetables-sorghum-
Fallow). But now in Abu Guta Block groundnut and vegetables are taken 
out of the rotation due to the reduced water supply below their demand. 
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 3.6 Sand encroachment in the study area 
          The study prepared by Alebaid (2003) in the study area used remote 
sensing and the Geographical Information Systems (GIS) to assess and 
monitor sand encroachment as desertification indicator in this semi-arid 
environment. This study used the remote sensing and GIS interpretation 
and compiled by three satellite images of different periods 1972, 1986 and 
1996, which revealed that the area was invaded by sand. The area north of 
latitude 14º- 30° was almost totally covered by sand. Accordingly, 
cultivation in parts of the Gezira scheme had been abandoned due to the 
buried channels and the destroyed gravity irrigation system.  
 
3.6.1 The source of sand encroachment in the area 
 (Fadul, 2002) by Satellite images and field observation revealed the 
presence of the dominant sites however, the reactivated Gozes of Kordofan 
as the primary source and the desertified White Nile terraces as secondary 
source. The medium of transport is the south westerly winds through a 
corridor crossing the White Nile. 
 
3.6.2 Sand dune formation in the area 
 Dunes are formed by accumulation of transported sand, mainly by 
wind. Alebaid (2003) recognized four types of sand dunes in north-western 
part of the Gezira Scheme: 
1. Mobile sand dunes: they are accumulated on depressions and swales in 
the alluvial plains, their heights are between 7-15 meters and their 
longitudinal formation reveals the intensity and direction of the wind. The 
top soil is generally characterized by sand with low water holding capacity 
and is non-calcareous. 
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 2. Partially fixed dunes: These units are characterizes by yellow to 
brown colors with surface vegetation cover and moisture contents in the 
sub soil. They are nearly the same as the mobile dunes except for the fine 
roots on the top and sub surface soil.   
3. Hummocks and thin sands sheets: these are accumulated sands on the 
alluvial plain and alluvial deposits of the White Nile and the boundaries of 
clay plain of the Gezira Scheme, they cover the surface soil to about 10-40 
centimeters.   
4. Alluvial plain with thin sand sheets: they correspond to the erosion 
forms and appear as bare soil or gravel covered. They show a severe state 
of desertification with characteristics of brown to dark brown colors and 
well drain soil. This soil is rained cultivated and is exposed to wind actions 
most of the year.   
 
3.6.3 The impact of sand encroachment on the area 
Some canals of Begiega Block are filled with wind blown sand, and 
the fields around this canal have irregular topography due to sand 
encroachment. The buried canals and the irregular topography have 
aggravated the problem of gravity irrigation and made it difficult to satisfy 
the crop water requirements, in addition to this, some villages were affected 
by sand encouragement to different rates.  
 
3.7 Shelterbelts establishment  
  The most important tree belts are El-Tahameid and El-Sihaimab belts 
(irrigated Eucalyptus shelterbelts). The establishment of these shelterbelts 
led to the protection of some channels and rehabilitated some irrigated 
areas from sand encroachment (UNEP and LAS, 1995). 
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   Table (3.1) Annual rainfall in mm in Khartoum and Elduim metrological        
station (1970 -2004): 
ElduimKhartoum Years Elduim Khartoum Years 
287.2 406.5 1988 194.5 97.6 1970 
268.2 79.8 1989 145.5 120.5 1971 
149.2 4.4 1990 164 133.6 1972 
237.4 44.9 1991 103.1 174.7 1973 
219.5 149.3 1992 101.1 86 1974 
235.9 39.8 1993 233.8 103 1975 
361.3 232.6 1994 209.7 168 1976 
330.7 195 1995 137.2 166.7 1977 
224.6 199.3 1996 532.1 133.6 1978 
211.9 141 1997 166.3 101 1979 
379.9 110.7 1998 286.3 96.3 1980 
231.5 130.6 1999 235.3 141.1 1981 
194.5 60 2000 224.4 102.7 1982 
.270.2  127.8 2001 212.3 83.4 1983 
269 74 2002 51.5 5 1984 
276 154 2003 190 38.8 1985 
220 110 2004 245.3 57.7 1986 
   195.9 115.6 1987 
4096.8 2259.7 Total 3628.3 1925.3 Total 
Source: Sudan meteorological station, (2005). 
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Fig. (3.3) Annual rainfall in Khartoum and El-Dueim metrological station (1970-2004).
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 3.8 Questionnaire 
The questionnaire was the main method used in this study to collect the 
primary data (Appendix1). The questionnaire was designed in Arabic to make 
sure that respondents understand and fill the questionnaire accordingly.  
In most cases, the farmers were contacted in the field or through the 
village's leaders to gain their confidence and cooperation. The interviews were 
done by the researcher covering 6 villages (Sihaimab) (Artimili) (Qurada) (El-
Teilaih) (El-Suail) (Eid-Kair Allah), located not far from El-Sihaimab 
shelterbelts  in Abu Guta and Begeiga blocks. 80 tenancies were selected 
randomly, 40 of whom were chosen from the rehabilitated fields and the other 40 
tenancies were chosen from areas affected by desertification.  
 
3.9 Official records and reports 
Some secondary data were obtained from Abu Guta administrative unit 
including records, documents and reports for crop yield, cultivated land and 
others. These data were closely examined to help in assessing the effect of 
desertification in the study area.                                                                                           
 
3.10 Statistical Analysis 
 The descriptive statistics was used to analyze the data obtained in the 
study area. This process was accomplished by critically examining the data 
through the use of statistical package for social science, (SPSS) version number 
11.0. Construction of simple tables and cross-tabulation, allows for capturing the 
answers to many of the questions being asked in the survey. Descriptive 
statistics included frequency, percentage, average calculation and use of tables 
and figure. 
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 CHAPTER FOUR 
RESULTS AND DISCUSSION 
 
4. Introduction 
Descriptive statistical method was applied to data concerning socio-
economic characteristics for tenancies in areas previously affected by 
desertification then rehabilitated and tenancies in areas affected by sand 
encroachment and not rehabilitated. Respondent's perspectives about the 
different aspects are given and discussed in this chapter.  
 
4.1 Results of socio-economic characteristics  
The personal characteristics analysis aim was to compare socio-economic 
status between tenancies in rehabilitated areas and tenancies in area that were not 
rehabilitated, (with respect to relevance to level of agricultural productivity) as 
they live in the same geographical area. The characteristics used were: 
(a) Age and education level (b) Marital status (c) Off-farm activities, off-
farm income and family annual income (d) Drinking water sources (e) House 
types (f) Crop sharing system and reasons of crop sharing. 
 
4.1.1 Age and education level 
Age and education level my have an influence over the life style and 
status enjoyed by individuals in the society. Age distribution with education 
level of rehabilitated and non rehabilitated tenancies respondents are shown in 
Tables (4.1) and (4.2).  
 The results revealed that about 71% of rehabilitated and 60% of non 
rehabilitated tenancies fell within age groups of 50 and over 60 years.  
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 For both groups it may be remarked that they both have the majority of 
their composition falling in age group above 50 and over 60 years old. This may 
reflect social stability among the two groups alike. The majority of individuals 
within the two groups were illiterate or had elementary level of education 
associated with age ranging between 50-60 and over 60 years old. This might be 
due to low appreciation of the concept of formal education by the society in the 
area in the past. This illiteracy and low level of education are expected to have a 
direct and indirect effect on the performance of the agricultural adoption of 
innovations and agronomical packages. Pudasaini (1983) stated that education 
contributes positively to agricultural production. Rahamtalla (1982) also 
mentioned that literacy affected the performance of cultural practices in the field 
and educated farmers were more willing to adopt new innovations, which are 
thought to be risky by less educated farmers.  
Tenancies age is supposed to affect productivity in one way or others. Ali 
(1990) argued that advancing age seems to be accompanied with a reduction of 
physical effort. But on the other hand advancing age may add to the experience 
and skills of tenancies. 
 
 
 
 
 
 
 
 
 
 
 38 
 Table 4.1 Distribution of rehabilitated tenancies respondents by age-range                        
and education level: 
Age range (years) Educational 
level 20-30 30-40 40-50 50-60 > 60 Total %
Illiteracy  0 0 0 20 30 50 
Khalwa  2 1 4 9 7 23 
Primary  7 5 3 5 0 20 
Secondary  0 2 2 0 0 4 
University  3 0 0 0 0 3 
Total % 12 8 9 34 37 100 
   Source: field survey, 2004.  
 
 
 
  Table 4.2 Distribution of non rehabilitated tenancies respondents   according 
 to age range and education level: 
Age range (years) Educational 
level 20-30 30-40 40-50 50-60 > 60 
Total 
% 
Illiteracy 0 0 11 23 28 62 
Khalwa 5 5 5 2 7 24 
Primary 5 4 2 0 0 11 
Secondary 3 0 0 0 0 3 
University 0 0 0 0 0 0 
Total % 13 9 18 25 35 100 
  Source: field survey, 2004. 
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 4.1.2 Marital status distribution 
Table (4.3) revealed that about 89% of the rehabilitated tenancies 
respondents were married and about 3% were divorced, while about 5% were 
widowed and about 3% were single. In the same table about 83% of non 
rehabilitated tenancies were married, while about 5% were divorced and about 
7% were widowed and about 5%were single. 
Comparing the marital status of the two groups of respondents (89%) of 
rehabilitated and non rehabilitated tenancies (83%) were married. These high 
percentages may be attributed to the simplicity of married life, which reflected 
social stability in the area.   
 
 Table 4.3 Distribution of marital status of rehabilitated and not rehabilitated  
tenancies respondents:  
Rehabilitated 
tenancies 
Non rehabilitated 
tenancies 
 
 
 
Martial 
status 
 
Frequency 
 
Percent 
 
Frequency 
 
Percent 
Married 36 89 33 83 
Divorced 1 3 2 5 
Widowed 2 5 3 7 
Single 1 3 2 5 
Total 40 100 40 100 
     Source: field survey, 2004.  
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 4.1.3 Off farm activities 
Agriculture is the main occupation that shaped the main career of the 
communities in the study area.  
Table (4.4) shows that the majority of the rehabilitated tenancies (about 
73%) were occupied in agriculture, while the others (about 27%) had other 
occupations in addition to agriculture. The situation is quite opposite in the case 
of the non rehabilitated tenancies. Only 22% of the total respondents were 
mainly occupied in agriculture, while the rest (about 78%) had other additional 
occupations. Such alternative employment may reflect the effect of available 
agriculture resources for the two groups of tenancies.  
From Table (4.5) few of the rehabilitated tenancies had off farm income in 
addition to agriculture. Among those, about 46% were working in trade, 
followed by 39% in free business and about 15% as government employees.  
On the other hand, almost more than 75% of the non rehabilitated 
tenancies had other sources of income apart from agriculture. Most of these 
groups (about 65%) work as laborers, while 19% work in free business. 
It is obvious that more than half of the non rehabilitated tenancies worked 
as laborers since they had low level of income from agriculture. 
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 Table 4.4 Distribution of rehabilitated and non rehabilitated tenancies with       
respect to agricultural occupation:    
Rehabilitated 
tenancies 
Non rehabilitated 
tenancies Occupation 
Frequency Percent Frequency Percent
Non- agricultural occupation 29 73 9 22 
Agricultural occupation 11 27 31 78 
                Total 40 100 40 100 
    Source: field survey, 2004. 
 
    Table 4.5 Description of rehabilitated and non rehabilitated tenancies according 
 to off farm activities: 
Rehabilitated 
tenancies 
Non rehabilitated 
tenancies 
Other sources of 
income 
Frequency Percent Frequency Percent 
Trader 6 46 2 6 
Free business 5 39 6 19 
Governmental 
employees 
2 15 3 10 
Laborers 0 0 20 65 
Total 13 100 31 100 
        Source: field survey, 2004. 
 
4.1.4 Sources of drinking water for the two groups 
Accessibility to safe drinking water is important against infection with 
water borne diseases like diarrhea, dysentery and other diseases. Unprotected 
sources are more likely to carry these diseases affecting human health. 
 42 
 Table (4.6) shows that more than half of rehabilitated and non 
rehabilitated tenancies families which settled in the same village rely on less safe 
drinking water sources (sub canals). About 25% of all respondents and their 
families, can be said to have safe drinking water from protected wells, while few 
of them (less than22%) get drinking water from different protected and 
unprotected sources (canals/ wells, canals and open wells). 
A large numbers of tenancies and their families who settled in the same 
village, had no access to protected wells because some villages were located far 
away from protected water sources or protected water sources were not enough 
to meet the require.  However, most of tenancies were found to be exposed 
to water borne diseases, which may have a negative effect on manpower 
productivity. WHO (1997) stated that water associated diseases are debilitating 
and seriously reducing the productivity of labor.  
 
Table 4.6 Drinking water sources for rehabilitated and non rehabilitated tenancies 
respondents: 
Rehabilitated 
tenancies 
Non rehabilitated 
tenancies 
Drinking  water 
Source 
Frequency Percent Frequency Percent 
Canals 21 53 25 63 
Wells 10 25 8 20 
Canal /wells  5 12 4 10 
Canal /open well (idd) 4 10 3 7 
Total 40 100 40 100 
Source: field survey, 2004.   
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 4.1.5 Comparative description of house types 
In the study area the two groups had almost the same type of house 
construction. These houses made of mud were owned by more than 80% of each 
of the two groups (table 4.7). 
Vulnerable groups were exposed to sand encroachment. Thus most of 
tenancies built their houses from mud for easy rebuilding in other places in the 
same village when covered by sand. 
It was observed that some villages were surrounded by natural forests 
which contributed to stopping or reducing the affect of   sand.  
 
        Table 4.7 Comparative description of respondents according to house types: 
Rehabilitated 
tenancies 
Non rehabilitated 
tenancies House type Frequency Percent Frequency Percent 
Wood/mud 1 3 3 7 
Mud 32 80 32 84 
Mud/blocks 4 10 3 7 
Wood/blocks 3 7 2 2 
Total 40 100 40 100 
       Source: field survey, 2004.  
 
  4.1.6 Tenancies and sharing system 
Some tenancies share cultivated areas with workers however, the owners were 
bear the costs of all agricultural operations and workers in all farming operations 
and agreed to divide the revenue equally after deducting costs.  
Table (4.8) gives the percentage of crop and no crop shares. Few of the 
two groups share crops with laborers, while the majority of rehabilitated 
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 tenancies (about 88%) and non rehabilitated tenancies (about 75%) did not 
share crops with others. 
Of those who share crops (Table 4.9), the rehabilitated respondents 
indicated that they can not afford to perform the hard work needed by farming 
(about 60%) or had other occupations (40%). Most of the 80% of the 
rehabilitated respondents indicated that agriculture in fact was not rewarding and 
thus they share with others. Some tenancies migrated out side the area for 
different reasons and share they farms. 
 
  Table 4.8 Rehabilitated and non rehabilitated tenancies dealing with sharing 
                   system: 
Rehabilitated 
tenancies 
Non rehabilitated 
tenancies 
 
Sharing  
system Frequency Percent Frequency Percent 
 
Crop share 
 
5 
 
12 
 
10 
 
25 
 
No crop share 
 
35 
 
88 
 
30 
 
75 
 
Total 
 
40 
 
100 
 
40 
 
100 
Source: field survey, 2004.  
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 Table 4.9 Rehabilitated tenancies and non rehabilitated tenancies respondents 
according to reasons for crop sharing system: 
Rehabilitated 
tenancies 
Non rehabilitated 
tenancies 
 
Reason of 
Sharing Frequency Percent Frequency Percent
Incapability of tenant to 
perform field hard work 3 60 0 0 
 
Agriculture not rewarding 
 
0 
 
0 
 
8 
 
80 
 
Migration 
 
0 
 
0 
 
2 
 
20 
 
Other occupations 
 
2 
 
40 
 
0 
 
0 
 
Total 
 
5 
 
100 
 
10 
 
100 
      Source: field survey, 2004.  
 
 
4.1.7 Families annual income 
            Tenancies and their families annual income are calculated by adding the 
revenue from three main crops of: wheat, cotton and sorghum, plus the income 
from other agricultural products such as fodders, livestock and of farm business 
income.  
Table (4.10) shows that about 17% of the rehabilitated families earned an 
annual income ranging from SD200 thousands and SD300 thousands, while 
about 48% earned between SD300 thousands and SD 400 thousands and about 
22% ranging between SD400 thousands and SD500 thousands and about 13% 
over SD500 thousands. 
The annual income of about 17% of the non rehabilitated families ranged 
between SD50 thousands and SD200 thousands, while about 80% had income 
ranging between SD100 thousands and SD200 thousands, and about 7% had 
income ranging between SD200 thousands and SD300 thousands.  
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 This high annual income of the rehabilitated tenancies and their families 
reflected the stability in farm production and other occupations, whereas the non 
rehabilitated tenancies had low level of annual income as they had been affected 
by sand encroachment on their farms.  
 
Table 4.10 Distribution of rehabilitated and non rehabilitated tenancies            
according to their total annual income: 
Non rehabilitated 
respondents 
Rehabilitated respondents 
Percent Frequency Percent Frequency 
Annual range of 
families income (SD) 
17 7 0 0 50000-100000 
63 25 0 0 100000-200000 
7 3 17 7 200000-300000 
5 2 48 19 300000-400000 
5 2 22 9 400000-500000 
3 1 13 5         >500000 
100 40 100 40 Total 
Source: field survey, 2004.  
 
4.2 Crop performance 
 4.2.1Crop production         
Tables (4.11) and table (4.12) give average area and average crop yields 
for the seasons 2002/03 and 2003/04 for the two groups of respondents. 
Tenancies that did not produce any thing or had a reduction in their cropped area 
were found only in fields affected by desertification. Canals were filled with 
sand and did not receive water. Although non rehabilitated tenancies had one 
option that was to grow sorghum only, it required less irrigation provided that it 
was grown in rainy seasons to benefit from the rain. 
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 4.2.2 Crop yields  
On average the yield obtained by the rehabilitated tenant for season 
2002/03 was found to be about 5.7 sack/feddan for sorghum and about 4.8 
sacks/feddan for wheat. Cotton gave yield of 5.2 kantars/feddan. The non 
rehabilitated tenant obtained about 1.7 sacks/feddan for sorghum. 
During 2003/04 season the average yields obtained by the rehabilitated 
tenant were found to be about 5.2 sacks/feddan for sorghum and about 3.8 
sacks/feddan for wheat. While for cotton the average yield was 6.1 
kantars/feddan. Comparing this result with the results of the non rehabilitated 
tenants it has been found that the latter produced about 1.9 sacks/feddan for 
sorghum. 
Sorghum is the only option for non rehabilitated tenancies and was sown 
in the rainy season. Some times tenancies break the main canals and dig sub 
canals covered by sand for irrigation of sorghum to secure their food. 
From this result it can be concluded that areas cultivated with crops in 
rehabilitated tenants were greater compared to areas in non rehabilitated tenants 
through out the two seasons. Accordingly this reduction in the cropped area and 
productivity were the cause low income of tenancies that non rehabilitated. 
Productivity in non rehabilitated farms and crop areas were directly 
affected by desertification and may be used as an indication of the degree of 
desertification in the area. 
 
4.2.3 Gross revenue from crops 
In this part the average gross revenue per tenant was calculated by 
multiplying the average area by the average yield per feddan by the average 
price of sack as follows:  
Average gross revenue: average area*average yield*average price = 
SD/tenant.    
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 From Tables (4.11) and (4.12) it was found that the average gross 
revenue for rehabilitated tenants was about SD70.292 for sorghum, about 
SD85.854 for wheat and SD173.292 for cotton for the season 2002/03 compared 
to SD13.391 for sorghum for non rehabilitated tenants. Similarly, the revenue for 
the season 2003/04 for rehabilitated tenants was about SD71.970 for sorghum, 
about SD52.893 for wheat and was about SD205.266 for cotton, and the average 
gross revenue of non rehabilitated tenants was about SD17.774 for sorghum. 
 From this result it may be concluded that rehabilitation tenancies obtained 
higher gross revenue, and gained more from cotton production followed by 
wheat and then sorghum.  They may sell most of their wheat production. Some 
of them preserve sorghum for home consumption and some of them may sell 
their sorghum. As for the non rehabilitated tenancies, it was found that most of 
them sell their sorghum and some of them preserve sorghum for home 
consumption. It was realized that the average gross revenue of the rehabilitated 
tenancies from crops was equal to SD329.438/tenant compared to 13.391/tenant 
for non rehabilitated. This is because rehabilitated tenancies have three crops 
grown while the non rehabilitated tenancies were affected by sand and have one 
crop grown in rainy season. 
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Table 4.11 Average crop area, yield and prices of crops for rehabilitated and non rehabilitated tenancies   respondents 
in season 2002/2003: 
Source: Field survey and Gezira scheme, official records of Abu Guta Block, 2004. 
               -     : Not grown 
 
Cotton 
Wheat 
 
Sorghum 
Average total 
area/fed 
 
Gross 
revenue 
(SD) 
Yield 
(kontars/feddan) 
 
Gross  
revenue 
 (SD) 
Price 
(SD/sack)
Yield 
(Sacks/feddan) 
 
Gross 
revenue 
(SD) 
Price 
(SD/sack) 
Yield 
(Sacks/feddan) 
 
Cotton 
 
Wheat 
 
Sorghum 
Groups 
 
173,292 
 
5.2 
 
85,854 
 
6,167 
 
4.8 
 
70,292 
 
4,743 
 
5.7 
 
2.8 
 
2.9 
 
2.6 
 
Rehabilitated 
tenants 
- 
 
- 
 
- 
 
- 
 
- 13,391 
 
4,  146  
 
1.7 
 
- 
 
 
- 
 
 
1.9 
 
 
Non 
rehabilitated 
tenants 
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 Table 4.12 Average crop area, yield and prices of crops for rehabilitated and non rehabilitated tenancies      
respondents in season 2003/2004 
Cotton Wheat Sorghum 
Average total 
Area (fed) 
 
Gross 
revenue 
(SD) 
Yield 
(kontar/feddan)
 
Gross 
revenue 
(SD) 
Price 
(SD/sack)
Yield 
(Sacks/feddan)
 
Gross 
revenue 
(SD) 
Price 
(SD/sack)
Yield 
(Sacks/feddan)
CottonWheat Sorghum
 
 
Groups 
 
205,  266  
 
6.1 
 
52,893 
 
5,567 
 
3.8 
 
71,970 
 
4,943 
 
5.2 
 
2.4 
 
2.5 
 
2.8 
 
 
Rehabilitated 
tenants 
- - - - - 17,774 4,  446  1.9 0 0 2.1 
 
Non 
rehabilitated 
tenants 
             Source: Field survey and Gezira scheme, official records of Abu Guta Block, 2004.   
               -     : Not grown
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 4.3 Comparison between rehabilitated tenants and other tenants                       
not affected in Abu Guta block 
This part gives the effect of the rehabilitation process on 
recovering the status of previously sand creeping affected areas. It 
compares the rehabilitated and other non affected tenants in the block of 
Abu Guta (study area), for the season of 2002/03 and 2003/04 using the 
official records for cotton. 
 
4.3.1 Cotton area and productivity 
From Table (4.13) average rehabilitated tenants areas were found 
to be less than those of non affected tenants for the season of 2002/03. 
The average area per rehabilitated tenants was about 2.6 feddans, 
compared to about 2.8 feddan for non rehabilitated areas.  
For the season 2003/04, the average area per rehabilitated tenants was 
about 2.4 feddan, compared to about 2.7 feddan for non affected tenants.  
The difference in the total areas for crop grown may be related to 
the Geziera Scheme administration system on crop rotation basis and the 
areas wounded for establishing the shelterbelt.       
Regarding yield, it was found that the average yield for 
rehabilitated tenants was less than the yield obtained by tenants in non 
affected areas. The yield for cotton for example was 5.2 kontar/feddan 
for rehabilitated tenants compared to the yield obtained by tenants in non 
affected areas (5.9 kontar/feddan). This yield confirmed by calculating 
the average yield for the season 2003/04 and found that the average yield 
for rehabilitated tenants was 6.1 kontar/feddan, however it was less than 
the average yield obtained by tenants in non affected areas 
(6.7kontar/feddan). This may be attributed to the quality of the soil being 
affected by sand after rehabilitation. Fadul, (2002) reported that the 
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 invasion of sand has affected the morphological, physical and chemical 
properties of the soil. The blown sand also had its prints by burying 
canals system and on topography of the field. The morphological 
characteristics of the Gezira Vertisols changed, especially in color, 
structure, and the cracking pattern reflected in block density, water 
holding capacity and permeability of the soil. In addition, sand 
accumulation with low values of organic carbon, nitrogen and available 
phosphorous are expected to reduce the fertility of the soil.          
 
4.3.2 Gross revenue of cotton 
Gross revenue of cotton was used to determine and calculate the 
different between average gross revenue of cotton for rehabilitated 
tenants compared to those tenants not affected by sand encroachment in 
the same block of Abu Guta.  
The average gross revenue for rehabilitated tenants was about 
SD173, 292 and about SD205, 266 for the season 2002/03 and 2003/04 
respectively .On the other hand the average gross revenue for not 
affected tenants was about SD191, 166 and about SD242, 359 for the 
season 2002/03 and 2003/04 respectively. Cotton obtained the highest 
gross revenue in cultivated area because the Scheme Administration 
compels the farmers to use inputs in form of seeds, chemicals (fertilizers 
and pesticides), do land preparation and carry out irrigation, then 
markets cotton through the national cotton company, however resulting 
in high income for farmers. Moreover other crops maybe subjected to 
lack of supervision and different market price fluctuation. 
From what been mentioned above, the average area and average yield of 
rehabilitated tenants were not different from those of non affected 
tenants. The revenue indicated a small variation since the rehabilitation 
 52 
 process was successful in bridging the gap between the two classes of 
tenants. 
 
             Table 4.13 Cotton average area, yield, and revenue for rehabilitated 
tenants compared to non affected tenants in Abu Guta block 
(2002/03) (2003/04):   
Average  
area of cotton 
(fed) 
Average cotton 
yield 
(kontars/fed) 
Average cotton 
revenue 
(SD/tenant) 
 
 
 
 
Groups 
Season 
2002/03 
Season 
2003/04
Season 
2002/03
Season 
2003/04
Season 
2002/03 
Season 
2003/04
Rehabilitated 
tenants 2.6 2.4 5.2 6.1 173,292 205,266
Non affected 
tenants 2.8 2.7 5.9 6.7 191,166 242,359
Source: Gezira scheme, official records of Abu Guta Block, 2004. 
 
4.4 Tenancies livestock 
The principal livestock species in the area are cattle, sheep, goats, 
donkeys and chicken. Sometimes tenancies may sell some of their 
livestock products or the animals themselves in case of high production 
or an urgent need for money. Most of them are sold at Abu Guta market. 
The tenancies in the area feed their animals from crop residues after 
harvest, and on natural pasture grasses around villages. Few tenancies 
feed their animals from local market. No cross breeding and/or poultry 
production were practiced in the study area.  
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 4.4.1 Tenants livestock problems 
It is necessary to address the problems related to livestock in the 
study area because animals provide an important source for income. 
Producers stated various constraints next to progress of livestock 
production in the study area. 
For both groups, it may be remarked that the majority of 
respondents suffered from lack of access to fodder and to pasture and 
few of them have their animals suffer from animal diseases (Table 4.14). 
This scarcity of fodder may be referred to the Gezira scheme 
administration for their uninterested in inclusion of forage production in 
the rotation. Yet the scarcity of pasture may be associated with range 
land deterioration, annul rainfall fluctuations and over stocking of 
animals.  
In addition, the market prices of agro-industrial by-products such 
as cotton seed cake, groundnut cake and molasses have risen so much as 
to put them out of the reach of purchasing power of the farmers.  
 
Table 4.14 Problems of tenancies respondents livestock:  
Rehabilitated 
tenancies 
Non rehabilitated 
tenancies Constrains  
Frequency Percent Frequency percent 
Lack of fodder 6 15 2 13 
Lack of pasture 7 17 3 18 
Diseases 3 8 2 13 
Lack of fodder and 
pasture 22 55 8 50 
Lack of water 2 5 1 6 
Total 40 100 16 100 
Source: field survey, 2004. 
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 4.4.2 Livestock population and animal production in the area  
Table (4.15) shows that the average number of cows was about 5 
cows, about 6 goats and of sheep was about 4 sheep for rehabilitated 
tenancies families. Milk production of cows was about 3.8 
bound/cow/day and that of goats was about 1.8 bound/goat/day. The 
average milk production of sheep was about 0.9 bound/sheep/day. On 
the other hand the average number of cows was about 2 cows and the 
number of goats about 3, but the average number of sheep was about 
1for non rehabilitated tenancies families. It was found that the average 
production of cows and goats was about 3.4 bound/cow/day and about 
1.4 bound/goat/day respectively, and the average milk production of 
sheep was about 0.7 bound/sheep/day. 
It may be concluded that rehabilitated tenancies owned more   
animals than the non rehabilitated tenancies. This was reflected that non 
rehabilitated tenancies had lower level income.  
For the two groups the average milk production was low because 
most of animals compete for limited feed in the same pasture. This 
situation is likely to have contributed to marketed reduction in milk 
output. 
   
4.4.3 Livestock prices 
Table (4.15) shows that for rehabilitated tenancies the price of 
cows in the study area was about SD66, 875 and that of goats was about 
SD5,782 while that for sheep was about SD17236. For non rehabilitated 
tenancies the price of a cow was about SD56, 457 and that of a goat was 
about SD5, 324 and for sheep was about SD16, 523. 
The variability among those prices for the two groups resulted 
from ability of rehabilitated tenancies to keep their animals and sell them 
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 when market prices where high. On the other hand the non rehabilitated 
tenancies are compelled to sell their animals to satisfy urgent 
consumption needs to compensate for their low income from other 
sources.  
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 Table 4.15 Distribution the average number, production and average price of livestock tenancies respondents:     
Cows Goats Sheep 
Groups average 
number 
average milk 
production 
(bound/day) 
 
average 
price 
(SD/cow) 
average 
number 
average 
milk 
production 
(bound/day) 
 
average 
price 
(SD/goat) 
average 
number 
average 
milk 
production 
(bound/day) 
 
average price 
(SD/sheep) 
Market  
milk 
Price 
(SD/bound) 
 
 
Rehabilitated 
tenancies 
 
5 
 
3.8 
 
66,875 
 
6 
 
1.8 
 
5,782 
 
4 
 
0.9 
 
17,236 
 
35 
 
Non 
rehabilitated 
tenancies 
 
2 
 
3.4 
 
56,457 
 
3 
 
1.4 
 
5,324 
 
1 
 
0.7 
 
16,523 
 
35 
Source: field survey, 2004.
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 4.5 Environmental degradation 
          Environmental degradation is an important factor that may affect the 
community in the area through trees over cutting and vegetation overgrazing 
leading to desertification contributing to negative socio-economic welfare. 
 
4.5.1 Trees cutting 
When asked about reasons for not cutting trees, the majority of the 
rehabilitated (about 70%) and non rehabilitated respondents (about 60%) 
mentioned that their awareness was the main reason for not cutting the trees. 
 On the other hand, about 30% of rehabilitated and 40% of non rehabilitated 
respondents mentioned that the law enforcement was the main reason for not 
cutting the trees (Table 4.16).  
 This result indicated that most of the people in the area had a good 
appreciation for the environment. Control efforts to sustain surrounding 
environment was also appreciated. It seems that past experience played a key role 
in improving the behavior of the people in the study area about environment 
conservation.  
 
  Table 4.16 Reasons of not cutting trees by tenancies and their families: 
Rehabilitated tenancies 
Non rehabilitated 
tenancies 
Reasons of not 
cutting trees 
Frequency Percent Frequency Percent 
Awareness 28 70 24 60 
Law force 12 30 16 40 
Total 40 100 40 100 
       Source: field survey, 2004.  
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 4.5.2 Type of fuel use 
In general, the main energy source for the two groups was obtained from 
crop residues. It appears from Table (4.17) that about 50% of rehabilitated and 
about 59% of non rehabilitated tenancies obtained their energy from cotton stalks 
and dung. About 15% of rehabilitated and 17% of non rehabilitated tenancies 
used dung and branches for fuel. An alternative source of energy such as gas 
(about 23%) was used by rehabilitated tenancies and their families, against about 
8% only of the non rehabilitated tenancies and their families.  
This result reflected the importance of agriculture. Reliance on crop 
residues reduces the pressure on the limited natural vegetation. But the use of 
cotton stalks not allowable by Gezira Scheme authorities since they can be a 
source for distribution of black arm disease on cotton.  
The increased rate of alternative energy used such as gas helped to 
conserve the environment in the study area.  
 
Table 4.17 Distribution of respondents by type of fuel use: 
Rehabilitated  
tenancies 
None rehabilitated 
tenancies Type of fuel 
Frequency Percent Frequency Percent 
Cotton stalk 2 5 3 8 
Dung/ straw 3 8 4 10 
Dung/ branches 6 15 7 17 
Cotton stalk/ dung 20 50 23 58 
Gas 9 23 3 8 
Total 40 100 40 100 
Source: field survey, 2004. 
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 4.6 Desertification effect 
The problems of desertification and its consequences on land and human 
life is the common feature in the area. The following tables indicate to some 
extent the expected effect of desertification on irrigation, villages in the study 
area and on migration of tenancies.   
 
4.6.1 Desertification effect on irrigation  
Most of tenancies in the study area have suffered from the shortage of 
irrigation which has a critical impact on crop yields.  
In general, about 80% of the rehabilitated tenancies and all of non 
rehabilitated tenancies had irrigation problems (Table 4.18). 
This resulted in some tenancies being unable to grow all crops in the 
rotation and unable to obtain high crop yield per feddan.  
 
Table 4.18 Irrigation problems of rehabilitated and non rehabilitated tenancies: 
Rehabilitated 
Tenancies 
Non rehabilitated  
tenancies 
Irrigation  
problems 
Frequency Percent Frequency Percent 
Yes 32 80 40 100 
No 8 20 0 0 
Total 40 100 40 100 
Source: field survey, 2004. 
 
Irrigation problems varied among rehabilitated tenancies. About 28% of 
rehabilitated tenancies mentioned that their irrigation problems were caused by 
weeds and mud covering canals. About 37% mentioned irregular irrigation water 
was the main problem, but about 28% mentioned that the water shortage towards 
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 the end of the season was the main problem. About 7% mentioned that the 
problem was lack of irrigation water during the season (Table 4.19).  
These results indicated that the problems were relevant to Gezira Scheme 
Administration. However, the administration explained that the inadequate water 
supply during and towards the end of the season was found on the borders of the 
scheme, where the canals carrying capacity of water was always too low.  
There was no relevance to sand creeping in this area since, the shelterbelts 
protected those fields from sands. UNEP and LAS (1995) stated that the 
establishment of El-Sehaimab shelterbelts in the study area had positive effect on 
protecting some irrigated fields and some canals from moving sand.     
Overall, non rehabilitated tenancies indicated that their main problem was 
due to sand covering main and sub canals. These results point out that there were 
different problems of irrigation experienced between rehabilitated and non 
rehabilitated tenancies. The non rehabilitated tenancies irrigation problems 
stemmed mainly from sand creeping and the desertification process experienced 
in the study area. Gezira Scheme Administration refers this problem to shortage 
of finance to maintain canals. 
 
Table 4.19 Irrigation problems according to point of view of rehabilitated       
tenancies respondents: 
Irrigation problems Frequency Percent 
Weeds and canals covered by mud 9 28 
Irregular supply of irrigation water 12 37 
Shortage of water at the end of the season 9 28 
Inadequate water supply during season 2 7 
Total 32 100 
   Source: field survey, 2004 
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 4.6.2 Desertification effect in villages 
Wind is considered as an important source of erosion in the study area as it 
carries the sand particles over long distances. 
Table (4.20) shows the effect of sand creep on villages in the area. For the 
two groups who lived in the same villages, about 85% of rehabilitated and 73% 
of non rehabilitated respondents were affected by desertification in their villages.   
The houses of the two groups of tenancies were distributed randomly in the 
same village. Most villagers in the area suffered from sand creeping. However, 
some of them were protected from wind by natural forests around their.  
 
Table 4.20 Tenancies affected by desertification on villages: 
Rehabilitated 
tenancies 
None rehabilitated 
tenancies 
Effected of 
desertification 
Frequency Percent Frequency Percent 
Affected 34 85 29 73 
Not affected 6 15 11 27 
Total 40 100 40 100 
   Source: field survey, 2004. 
 
         4.7 Solution suggested by villagers 
Respondents have pointed out their concern about desertification problem. 
The degree of severity of the problem varied from one site to another in the same 
village. Table (4.21) depicts that villagers have their own proposal to 
approximate the rate of desertification in villages. They agree that the rate of sand 
creeping varied in the same villages (rare 35%, moderate 27%, and high 38% 
according to the villagers answers).  This variation occurred because some houses 
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 were found in locations susceptible to sand encroachment, while others were 
protected from sand by natural forests or found in the center of the village.    
They suggested solutions to combat desertification in their villages. About 
67% suggested that establishment of community forests around village, while 9% 
suggested the movement of the village into the scheme and about 24% did not 
have any solutions. These suggestions were proposed by villagers in a way that 
considers the ability of affected peoples to have more active participation.        
The rural people gave their suggestions based on observations and 
experiences of combating desertification. The different suggestions given may be 
explained by the large size of villages and the rate of sand creep in diverse areas. 
The study suggested the grouping of small villages in safe areas in or out side the 
scheme. For large villages, the study suggested the establishment of community 
forest around those villages as an appropriate solution.    
 
    Table 4.21 Solution for combating desertification in villages according to villagers 
suggestions: 
Rate of sand creeping 
Suggested solutions 
Rare Moderate High 
Total 
Establishment of community forest and 
forests around village 
23% 15% 29% 67% 
Transfer the village into the scheme - 3% 6% 9% 
No solution 12% 9% 3% 24% 
Total 35% 27% 38% 100% 
Source: field survey, 2004. 
     -     :  No response  
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 4.8 Suggested solution for combating desertification in the crop field 
according to affected tenancies 
The Gezira scheme protected some fields from sand encroachment by 
planting trees as shelterbelts and rehabilitated canals covered by sand. However, 
this effort was limited in scale and did not cover other fields and canals. 
All of the non rehabilitated tenancies were suffering from sand creep in 
their fields. Accordingly they suggested the following solution for combating 
sand creeping. The majority of the respondents (91%) believe that rehabilitation 
of canals and establishment of shelterbelts around them and around fields would 
stop the sand creep. Few (6%) suggested the establishment of natural forests and 
community forests, about 3% did not suggest any solution (Table 4.22).  
The general agreement was that the establishment of shelterbelts as the 
most viable solution in non rehabilitated fields reflects the impact of the 
shelterbelts on rehabilitated fields. In view of that it is a suitable solution to 
protect and guard against encroachment of sand over rehabilitated canals and 
sub canals. 
 
 Table 4.22 Solutions for combating desertification in desertified fields according                  
to tenancies suggestions: 
Suggested solutions Frequency Percent 
Establishment of natural forests and community forests 2 6 
Establishment of shelterbelt and rehabilitated canals 29 91 
No solution 1 3 
Total 32 100 
Source: field survey, 2004 
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 4.9 Desertification effect on migrants 
The reasons for migration are often complex, but the relationship between 
certain environmental conditions and population movements can be identified. 
Items presented below give the number of migrants, their type of jobs before 
migration and the reasons for migration.  
4.9.1 Number of migrants   
Tenancies and their families moved to other areas for different reasons and 
in different numbers.  
Table (4.23) shows that less than 39% of rehabilitated tenancies and their 
families migrated and more than half had not migrated. On the other hand, the 
majority (about 73%) of non rehabilitated tenancies and their families had 
migrated while few of them did not.  
The high rate of migration of people from non rehabilitated crop fields may 
reflect instability in their income.  
 
   Table 4.23 Comparison between rehabilitated and non rehabilitated tenancies 
                                              and their families according to migration: 
Rehabilitated tenancies Non rehabilitated tenancies 
Migration 
Frequency Percent Frequency Percent 
Migrated 15 39 29 73 
Did not migrate 26 61 11 27 
Total 40 100 40 100 
   Source: field survey, 2004 
 
 
 
 66 
 4.9.2 Type of migration 
Table (4.24) showed that about 34% of rehabilitated tenancies and their 
families migrated out of the country, while half migrated to towns and fewer 
migrated to other villages. 
It was also shown that migrants occupation before migration varied  from 
about 25% on farm, about 6% as pastorals, about 5%  employers, about 12% in 
trade, about 18% in free business, and about 21% as laborers. 
 From the above mentioned, migration of rehabilitated tenancies and their 
families is a natural migration, similar to migration all over the country. It 
indicated the instability in their income, and that they had migrated to increase 
their income and improve their quality of life, as will be seen in part 4.9.3.  
 
  Table 4.24 Rehabilitated tenancies respondents according to type of job and type 
of migration: 
Type of migration 
Type of jobs 
before migrate 
Out of Country  
(%) 
To towns 
(%) 
To other Villages  
(%) 
Total 
(%) 
Farmers 6 19 0 25% 
Pastorals 4 2 0 6% 
Employers 5 13 0 18% 
Traders 4 8 0 12 % 
Free business 9 3 6 18% 
Laborers 6 6 9 21% 
Total 34 51 15 100% 
Source: field survey, 2004 
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  Table (4.25) shows that more than about 78% of non rehabilitated 
respondents and their families migrated to towns, while few of them migrated to 
other villages and out of country.  
It also shows that jobs before migration varied among tenancies about 58% 
farmers, to pastorals about 4%, governmental jobs about 6%, traders about 3%, 
free business about 8%, and labors about 21%. 
This indicated that more than half of tenancies and their families had 
migrated to town in search for other sources of income as seen in part 4.9.3.  
 
  Table 4.25 Non rehabilitated tenancies respondents according to type of jobs   
and type of migration: 
Type of migration 
 
Type of jobs before 
migrate 
Out of 
country 
(%) 
To 
 Towns (%)
To other 
villages 
(%) 
Total  
(%)  
Farmers - 51 7 58 
Pastorals 4 - - 4 
Governmental jobs 2 4 - 6 
Commerce 3 - - 3 
Free business - 8 - 8 
Labors 3 15 3 21 
Total 12 78 10 100 
     Source: field survey, 2004. 
          -    :  Nil 
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 4.9.3 Reasons for migration 
   About 20% of the rehabilitated tenancies and their families indicated that 
they migrated because of the decrease in agricultural benefit compared to about 
62% of non rehabilitated respondents. About 67% of rehabilitated respondents 
indicated that they migrated to increase their income compared to about 24% of 
non rehabilitated respondents. Only few of the two groups migrated for other 
different reasons (Table 4.26).  
Rehabilitated tenancies and their families had migrated out of the country 
to improve their income and quality of life. 
However, most of non rehabilitated respondents migrated because of the 
decline in agricultural income, which reflected their non-viability of agricultural 
activity has actually had been affected by desertification as the main reason for 
migration. 
 
   Table 4.26 Distribution of rehabilitated and non rehabilitated tenancies and their 
families according to reasons of migration: 
Rehabilitated 
tenancies 
Non rehabilitated 
tenancies Reason of migration 
Frequency Percent Frequency Percent 
Decline of agric benefits 3 20 18 62 
To increase the income 7 47 7 24 
Others 5 33 4 14 
Total 15 100 29 100 
Source: field survey, 2004. 
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 CHAPTER FIVE 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
 
5.1 Summary 
In this study an attempt was made to investigate the socio- economic status 
of Gezira Scheme tenancies in areas previously affected by desertification then 
rehabilitated compared to other tenancies who were not rehabilitated, with 
respect to level of agriculture productivity as they live in the same geographical 
area.     
The first chapter of this study began by introducing desertification, as 
universal phenomena, in Africa, in Sudan and in Gezira Scheme. It also explains 
the statement of the problem and finally states the socio-economic aspects and 
the objectives of the study. 
Chapter two reviewed the relevant literature related to desertification and 
the direct or indirect effects on socio-economic status of people, desertification 
and it is definitions and their development through time, then the wide spread 
causes of desertification (Over grazing, deforestation, over cultivation, wind 
erosion), and elaborated on the importance and impact on production with figure 
showed a hypothesis of causes and mechanism of desertification.     
This chapter also focused on the effect of desertification in Sudan, on land 
and on agricultural production, on food and food security, on poverty, on 
migration, the effect of people on desertification and vice versa. 
The end of this chapter elaborated on relevant techniques to reduce and 
control desertification like soil conservation and water harvesting techniques, and 
suggested strategies to reduce or to prevent the hazards of desertification in 
Sudan. It also attempted to investigate practices of desertification control in 
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 Sudan like establishment of forests, use of energy, shelterbelts establishment, 
and regeneration of vegetation and introduction of agroforestry. 
The third chapter highlighted the Gezira scheme and Abu Guta and Begiga 
Blocks in the Northern-west boundaries of the Scheme, describing vegetation 
cover, climate, soil, topography, land use after being exposed to sand 
encroachment. Then the aspects of sand encroachment in the study area, it is 
source and sand dune formation and the type of this dune. Also the impacts of 
this sand on the area and the most important tree belts that protected some canals 
and rehabilitation of some fields from sand encroachment.  
This chapter also described the methods used in data collection and data 
analysis. The questionnaire was the main method used in this study to collect the 
primary data from 80 tenancies that represented the total population in the study 
area. Secondary data were obtained from Abu Guta administrative unit including 
records, documents and reports for crop yield and cultivated land. The descriptive 
statistics was used to analyze the data obtained in the study area including 
frequency, percentages, average and use of tables and figures. 
Chapter four aimed at investigating and comparing the socio-economic 
status of the rehabilitated and non rehabilitated tenancies. The statistical analysis 
of the socio-economic characteristics revealed that tenancies respondents were 
more or less homogenous as they lived in the same geographical area. The 
majority of the two groups were illiterate or had elementary level of education 
associated with age ranging between 50-60 and over 60 years old. High 
percentages marital status of the two groups of respondents may be attributed to 
the simplicity of married life, which reflected a social stability in the area.  Few 
of the rehabilitated tenancies had farm income in addition to agricultural income. 
On the other hand, most of the non rehabilitated tenancies had other sources of 
income particularly as laborers since they had low level of income from 
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 agriculture. Large numbers of tenancies and their families, who settled in the 
same village, had no access to protected wells. Most of tenancies were found to 
be exposed to water borne diseases, which may have a negative effect on 
manpower productivity. Most of them built their houses from mud which in easy 
to rebuild in other places in the same village or to carry to other safe areas when 
affected by sand. It was observed that some villages were surrounded by natural 
forests which contributed to stopping or reducing the effect of sand.  
Some tenancies in the area shared field operations with laborers. Few of 
the two groups shared crops with laborers for different reasons. The investigation 
of the annual income of the two groups found that the high annual income of the 
rehabilitated tenancies and their families reflected the stability of farm production 
and other occupations, whereas the non rehabilitated tenancies had low level of 
annual income as they had been affected by sand encroachment on their farms. 
A general comparison was made of the economic crop performance for the 
rehabilitated and non rehabilitated tenants in seasons 2002/03 and 2003/04. The 
comparison items used were: crop production, crop yields and gross revenue for 
crops. Tenancies that did not produce any thing or had reduction in their cropped 
area were found only in fields affected by desertification and they had only one 
option to grow sorghum. The productivity of the crops under study for 
rehabilitated tenants that greater compared to that of non rehabilitated tenants 
throughout the two seasons. Productivity in non rehabilitated farms was directly 
affected by desertification.  Gross revenue analysis for crops showed that the 
rehabilitated tenancies respondents had obtained more income from cotton 
production followed by wheat and then sorghum than non rehabilitated tenancies. 
Another comparison were made between rehabilitated tenants and other 
tenants not affected by desertification inside Abu Guta block for the season 
2002/03 and 2003/04 using the official records for cotton. The average area, 
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 average yield and average revenue of rehabilitated tenants were not far below of 
those of non affected tenants for the two seasons. The revenue indicated a small 
variation since the rehabilitation process was successful in bridging the gap 
between the two classes of tenants. 
The principal livestock species in the area are cattle, sheep, goats, donkeys 
and chicken. For both groups, it may be remarked that the majority of 
respondents suffered from lack of access to fodder and to pasture and few of 
them suffered from animal diseases. In spite of these problems the rehabilitated 
tenancies owned more varied animals than the non rehabilitated tenancies. This 
reflected that non rehabilitated tenancies had low level income. For the two 
groups the average milk production was low because most of the animals 
compete for limited feed in the same pasture. This situation is likely to have 
contributed to marked reduction in milk. The variability among prices for the two 
groups resulted from ability of rehabilitated tenancies to keep their animals and 
sell them when market prices were high. On the other hand the non rehabilitated 
tenancies were compelled to sell their animals to satisfy urgent consumption 
needs to compensate for their low income from other sources.  
As for environmental degradation, more than 90% of both groups were 
found to conserve the environment and were not cutting trees. This reflected their 
awareness and control by forest laws enforced in the area. It seemed that past 
experience played a key role in improving the behavior of the people in the study 
area about environment conservation. In general, the main energy source for the 
two groups was obtained from crop residues and the increased rate of alternative 
energy used such as gas which continuously helped to conserve the environment 
in the study area.  
Most of the tenancies in the study area suffered from the shortage of 
irrigation which has a critical impact on the tenancies yield. However, irrigation 
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 problems varied among rehabilitated tenants and non rehabilitated tenants. Non 
rehabilitated tenancies indicated that their main problem was due to sand 
covering main canals and sub canals. 
    Villagers in the area suffered from sand creeping. But some of them were 
protected from wind by forests near their households. For the solution of this 
problem the rural people gave their suggestions based on observations and 
experiences on combating desertification. The different suggestions given may be 
explained by the large size of villages and the rate of sand creep in diverse areas. 
The general agreement was on the fact that the establishment of shelterbelts was 
the most viable solution for the non-rehabilitated fields. 
Finally, this chapter investigated desertification effect on migration and it 
was shows that tenancies and their families moved to other areas for different 
reasons and in different numbers. More than half of rehabilitated tenancies and 
their families had not migrated. On the other hand, the majority of non 
rehabilitated tenancies and their families had migrated. Migration of rehabilitated 
tenancies and their families was natural, similar to migration all over the country. 
However, more than half of non rehabilitated tenancies and their families had 
migrated to towns in search for other sources of income. Most of the non 
rehabilitated respondents migrated because of decline in agricultural income, as a 
result of non-viability of agricultural activity which was affected by 
desertification. 
 
5.2 Conclusions 
The socio-economic analysis of rehabilitated tenancies respondents and the 
non rehabilitated tenancies respondents revealed that they were more or less 
homogenous. Most of them were sharing the same social characteristics. 
Economically, the high annual income of rehabilitated tenancies reflected the 
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 stability of cultivated areas farm production, and the total average gross revenue. 
These results reflected the efforts for establishment of shelterbelts, which led to 
protection of some canals and restored some irrigated areas from sand 
encroachment. For non rehabilitated tenancies, productivity was directly affected 
by desertification. Most of them work as laborers since they had low level of 
income from agriculture. 
Indication of environmental degradation showed that most of the people in 
the area had a good appreciation for the environment. Moreover, the increased 
rate of alternative energy used such as gas helped to conserve the environment in 
the study area. The houses of the two groups of tenants were distributed 
randomly in the same village. Most villagers in the area suffered from sand 
creeping, others were protected from wind by forests.  
Most of non rehabilitated respondents migrated because of the decline in 
agricultural income, which reflected non-viability of agricultural activity which 
had been affected by desertification.  
 
5.3 Recommendations 
Experience has shown that there is no single solution for desertification, 
furthermore all available methods should be used. For this to overcome its 
environmental and socio-economic impact the following recommendations are 
given: 
1. Establishment of the community forests for environmental 
protection in general and erosion control in particular. 
2. Protection of already existing vegetation and rehabilitation of 
degraded vegetation. 
3. There should be appropriate laws, legislation and a unified policy             
for the management and protection of the environment. 
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 4. Irrigation authorities must put more efforts to overcome water 
problems, so that all tenants out of production may be able to grow 
cash crops to raise their income. 
5. More efficient alternative source of energy such as biogas and gas 
should be developed and disseminated in order to save trees from 
cutting and reduce the use of cotton stalks which is not allowed by 
the Gezira scheme administration the possibility of carrying 
diseases from season to season. 
6. Digging wells for healthy water to avoid human diseases, while 
lead to increase productivity. 
7. Establishment of nurseries to produce seedlings.  
8. Small villages must be combined to form large villages in safe 
areas that are not exposed to sand creeping so that authorities can 
easily provide services. 
9. Protection of present shelterbelts so as to protect the scheme from 
sand encroachment and must be established urgently in areas not 
protected from sand.  
10. Attention should be given to livestock as the most important 
source of income, focusing on a number of aspects of improvement 
livestock production and control of diseases and improvement   
processing of animal products.   
11. Improvement the education and health services for the areas under 
study. 
12. Use of various conservation techniques like mulching and water 
harvesting technique to improve soil structure and water 
availability in away to increase productivity.      
 76 
 REFRENCES 
 
Abdalla, M. A. (2004). Strategies and plan of action of scientific research on 
desertification. A proposal plan of action for scientific research on 
desertification. Khartoum, Sudan. 
Abedlati, H. A. (2002). Sustainable development in Sudan: 10 years after Rio 
summit a civil society perspective. Proceedings of the national civil 
society preparatory conference. Khartoum Sudan.  
Abu Suwar, A. O. and Darrag, A. A. (2004). Strategy and methodology of 
research on desertification in the Sudan: Range sector. Strategy and 
plan of action of scientific research on desertification. University of 
Khartoum, Sudan. 
Agriculture and Agric-Food of Canada (2005). Shelterbelt Center, Indian 
Head, Saskatchewan S0G 2K0, (www.agr.gc.ca/pfra/soil/swork2). 
Ahmed, A. A. (2003). Rain water harvesting concept and technique. Conference 
on water harvesting and the future of development in the Sudan. 
Theme: water harvesting for food security and sustainable 
development. Khartoum, Sudan.            
Ahmed, A. E. (1994). The impact of sand encroachment in North-west part of 
the Gezira Scheme. The socio-economic impacts of desertification in 
the North-west boundaries of the Gezira Scheme. 
Al-amin, N. K. N. (1999). The physical potential of indigenous vegetation and 
other means to suppress sand movement in a secondary desertification 
source area near the White Nile in Gezira Region, Sudan. Ph. D 
Thesis Faculty of Agriculture, University of Gezira, Wad Medani. 
 
 77 
 Alebaid, S. A. (2003). Monitoring desertification in Northern Gezira using 
Remote Sensing and GIS techniques. M.Sc of Science in 
desertification and desert cultivation. Desertification and Desert 
Cultivation Studies Institute. Faculty of Agricultural, University of 
Khartoum. 
Ali, A. E. (1990). Factors affecting yield variation among the tenants of the 
White Nile governmental pump schemes. M.sc. Thesis. Department of 
Rural Economy. Faculty of agriculture. University of Khartoum. 
Khartoum. 
Ali, M. M. (1991). Assessment and mapping of desertification in western Sudan, 
using remote sensing techniques and GIS. Faculty of forestry. 
University of Khartoum. Department of Rural Economy. Faculty of 
Agriculture. University of Khartoum. Khartoum, Sudan. A report in 
(Arabic).  
Alwakeel, A. S, (2004). Strategy and plan of action of scientific           
research on desertification. Paper on strategy and methodology 
of research on desertification in Sudan. Biodiversity Sector. 
University of Khartoum, Khartoum Sudan. 
Warren. A. and Agnew. C. (1988). Dry lands Programme. Issues envelope an 
assessment of desertification land and land degradation in arid and 
semi-arid. Ecology and Conservation Unit, University College, 
London. Document no. 2.  
Ayoub, A. T. (1998). Extent, severity and causative factors of land degradation 
in the Sudan. Journal of Arid Environment 38, 397-409. 
Ayoub, A. T. and Musa, F. S. (2004). Strategies and plan of action of scientific 
research on desertification. Institutional set    up for research and net 
working in combating desertification in Sudan. Khartoum, Sudan.  
 78 
 Bashir, M. (2001). Sudan country study on biodiversity. Prepared by The 
National Biodiversity Strategy and Action Plan (NBSAP), Project 
no.SUD/97/G31.     
Bernus, E. (1977). Case study on desertification. The Eghazar and Azarak 
Region, Niger. United Nation Conference on Desertification, 
A/CONF.74/14-IIIP.    
DECARP, (1976). Sudanese Desert Encroachment Control and Rehabilitation 
Program. Ministry of Agriculture, Food and Natural Resources, and 
Agricultural Research Council. 1976. Khartoum (Sudan). 
DECARP, (1976).The Sudanese Desert Encroachment Control and 
Rehabilitation program, sited by Al-amin, N. K. N.  (1999). The 
physical potential of lndigenous vegetation and other means to 
suppress sand movement in a secondary desertification source area 
near the White Nile in Gezira Region, Sudan. Ph. D Thesis. Faculty of 
Agriculture, University of Gezira, Wad Medani. 
Dregne, H. E. (1986).  Desertification of arid lands. Texas Tech University, 
(U.S.A). Advances in desert and arid land technology and 
development, ISSN 0142-5889; V.3. 
Dregne, H. E. (1989). Informed opinion: Filling the soil erosion data gap. 
Journal of Soil and Water Conservation 44:303-305. 
El Fadl, M. A. (1997). Management of Pprosopis juliflora  for use in 
agroforestry systems in the Sudan. University of Helsinki Tropical 
Forestry Reports 16.107 p. ISBN 951-45-7778-7. 
Elsanjak, Kl. M. (2000). The role of the local people participation in the 
development and management of social forestry in the desert prone 
zone of the Sudan. Ph.D. thesis. Department of Forest Management. 
Faculty of Forestry. University of Khartoum. 
 79 
 Fadl, K.M. (1999). Growth and yield of some agricultural crops under Alley 
Cropping with Acacia senegal (L.) Wild on Sandy Soils. M.Sc. 
Thesis, Faculty of Forestry.  University of Khartoum, Sudan. 
Fadul, H.M., (2002). Geomorphology, classification, and degradation of the soils 
of the Gezira Scheme (Sudan). Ph.D. Thesis. Faculty of Agriculture, 
University of Gezira, Wad Medani. 
FAO, (1982). Food and Agriculture Organization.  Proceedings of the FAO 
expert consultation on the role of forestry in combating 
desertification, held in Saltillo, Mexico 24-28 June. Forest 
conservation and wild lands branch forest. Resources division, FAO 
Forestry Department. 
FAO, (1986). Food and Agriculture Organization. Fuel Wood Development 
Program. Report for the Government of the Sudan by Food and 
agricultural organization, Rome.  
FAO, (1989). Food and Agriculture Organization of the United Nation. Role of 
forestry in combating desertification, FAO Conservation Guide 21- 
Rome, Italy.      
FAO, (1992). Food and Agricultural Organization of the United Nation. United    
Nation Conference on Environment and   Development. Convention 
on Desertification Earth Summit. Riode Janeiro. Barzile 3-14 June.   
FAO, (2001).   Food and Agriculture Organization of the  United Nations. Global 
forest resources assessment., Rome, http://www.fao.org/forestry/fo/fra/index 
FAO, (2002). Food and Agriculture Organization of the United Nations. Long 
term plans for drought mitigation and management in the Near East 
Region. NERC/02/4, Twenty-Sixth FAO Regional Conferences for 
the Near East. Tehran, Islamic Republic of Iran, 9 - 13 March.  
 80 
 FAO, (2003). Food and Agricultural Organization of the United 
Nations. State of the world’s forests. Rome. 
FNC, (2004). Forests National Corporation. National Report to the Fifth 
Session of the United Nations Forum on Forests, Sudan-
Khartoum.  
GEF, (2003).Global Environment Facility. Operation program on 
sustainable land management. (http://www.gefweb.org). 
Glantz, M .H, (1986). Arid lands development and the combat against 
desertification: An integrated approach, Moscow. 
Gorse, J. E. and D. R. Steeds (1987). Desertification in the Sahelian and 
Sudanian zones of West Africa. World Bank Technical Paper No 61. 
Washington. 
Gupta, J. P. and Faroda, A. S. (1997). Desertification in India: Problems and 
possible solutions. Independence day special issues on development 
and environment, Yojana, August, pp. 55-59. 
Hanno, A. I. A. (2003). Assessment of some effects of sand dunes shelterbelts in 
Northern Kordofan State. M.Sc of science in desertification and desert 
cultivation. Desertification and Desert Cultivation Studies Institute. 
Faculty of Agricultural, University of Khartoum.  
Hellden, U. S. (1988). Desertification monitoring: Is the desert encroaching? 
Remote Sensing Laboratory Department of Physical Geography, 
University of Lund Soelvegatan 13, S-223 62 Lund Sweden. 
Desertification Control Bulletin 17: 8-12.  
James, T.A. and Croissant. R.L, (1994). Controlling soil erosion from wind. 
USDA soil conservation service, Lakewood, Colorado State   
University. Cooperative extension specialist (retired), soil and crop 
 sciences.  
 81 
 Annan, K. (2003). Desertification is Both a Cause and a Consequence of 
Poverty. World Day to Combat Desertification and Drought United 
Nation. Message by Secretary-General Kofi Annan for the World Day 
to Combat Desertification and Drought, 17 June 2003.   
Leeuwen, N. V. (2003). Water harvesting, food security and poverty alleviation. 
Conference on water harvesting and the future of development in the 
Sudan. Theme: water harvesting for food security and sustainable 
development. Khartoum, Sudan.  
Mensching, R. S. and Ibrahim, F. N. (1976). The problem of desertification in 
and around arid lands. Applied Science and Development, Vol. 10. 
Inst. for Scientific Cooperation. Tubingen, 1-43. 
Morgan, R. P. C. (1995). Soil erosion and conservation. Silsoe College, 
Grandfield University, London.  
Mustafa, M. A.  and Saeed, A. B (2004). Strategy and methodology of research 
on desertification in the Sudan: soil and water conservation sector. 
Strategy and plan of action of scientific research on desertification. 
University of Khartoum, Sudan.  
NHI, (1997). Natural Heritage Institute. Environmental Degradation and 
Migration: The U.S./Mexico Case Study. Desertification and 
migration on the U.S. - Mexico Border. 
POPIN, (1995). United Nation Population Information Network (POPIN). 
Population and land degradation. United Nation Population Division, 
Department of Economic and Social Affairs, (http://www.un.org). 
Pudasainis, S. P. (1983). The effect of education in agricultural. Evidence from 
Nepal. American Journal of Agricultural Economics. Vol. 65, No. 3, 
p. 509.    
 82 
 R. K. Pachauri and Rajashree S. Kanetkar (1993). Deforestation and 
desertification in developing countries. Tokyo Conference on Global 
Environment, Energy, and Economic Development held at the United 
Nations University Headquarters in Tokyo, 25-27 October, 
(www.unu.edu). 
Rahamtalla, B. M. (1982). Some factors affecting economics of production of 
irrigated cotton in the Sudan: case study of El-ssuki Pump Schemes 
Corporation. M. Sc. Thesis. Department of rural economy. University 
of Khartoum. Khartoum.       
Salih, T. M (1993). Sudan national case study on drought and desertification. For 
Intergovernmental Negotiating Committee, for International 
Convention to Combat Desertification (INCOD) and National 
Drought and Desertification Control Coordination and Monitoring 
Unit (NDDU). Khartoum, Sudan.          
Salih, T.M (1993). Sudan National Case Study on Drought. Ministry of 
Agriculture, National Resources and Animal Wealth, National 
Drought and Desertification Control. P.O Box 1942 Khartoum, Sudan.  
Sara J. Scherr and Satya Yadav, (1996). Land degradation  in the developing 
world implications for food, agriculture, and the environment to 
2020.Discussion paper No. 14 
Shomm, S Ali and El Waleed Abas. (1996). Albuhuth Scientific Journal. 
National Center for Research. Volume 5. Khartoum, Sudan.   
Tewari, M. D. (1987). Plantation Forestry and Success of Various Tree Species 
in Arid Tropics: Indian Experience. Anonymous.    Rajasthan Forests 
at   a Glance. Central Arid Zone Research Institute, Jodhpur, State 
 Forest Department, Jaipur, 28 p.C.  
 83 
 Tsoar, H. R. (2002). Climatic factors affecting mobility and stability of sand 
dunes. Department of Geography and Environmental Development, 
Ben-Gurion University of the Negev, Beer Sheva 84105, Israel.  
UNCED, (1992). United Nation Conference on Environment and Development. 
Chapter 12, Agenda 21. Report of the United Nation Conference on 
Environment and Development. Rio de Janeiro3-14 June. 
A/CONF.151/26 (Vol. I) 
UNCOD (1977). United Nation Conference on Desertification. World map of 
desertification. Doc. of the United Nation Conference on 
Desertification, Nairobi. Ref4. UNCOD A/CONF 74/2, 
UNDP, (1986). United Nation Environment Programme. Arid land development 
and the combat against desertification: An integrated approach. 
Moscow. 
UNEP and LAS. (1995). United Nation Environment Programme associated 
with Camre League Arab States. Production increase and protection 
from sand encroachment in Gezira Scheme in the Sudan Republic. 
Report in Arabic.      
UNEP, (1991). United Nations Environment Programme. Status of 
desertification and implementation of the United Nations action plan 
to combat desertification. Nairobi, Kenya: P.O. Box 30552.  
UNEP, (1992). United nation Environment programme. World atlas of 
desertification. A division of Dodder and Stoughton. London New 
York, Melbourne Auckland.  
UNESCO, (2004).Combating desertification. Traditional knowledge and modern 
technology for the sustainable management of dry land systems. 
Proceedings of the international work shop held in Elista, Rublic of 
Kalnykia, Russian Fedralion.     
 84 
 United Nations, (2004). 19Sudan transition and recovery data base, Khartoum 
State. UN office of the resident and humanitarian coordinator for the 
Sudan start base.  
UNESCO and UNDP. (1993). Role of planning systems and instruments, 
integration of desertification control programmers in development 
plans: Case of the Sudano-Sahelian Region, (http://www.undp.org). 
USAID, (1995). United State Agency for International Development. 
Food aid and food security policy paper. Washington, DC.  
WCED, (1987).World Commotion on Environment and Development. Our 
Common future, Oxford University Press. New York, (N. H I, 1997). 
WCFSD, (1999). World Commission on Forests and Sustainable Development. 
Our forests-our future, summary report. Winnipeg, Canada, 38p. 
WHO, (1997). World Health Organization, The control of schistosomiasis. 
Report of World Health Organization Expert Committee.  Technical 
Report Series, 80. 
 
 
  
  
  
  
 
 
 
 
 58 
  SECIDNEPPA 
  )1( xidneppA
  ﺒﺴﻡ ﺍﷲ ﺍﻟﺭﺤﻤﻥ ﺍﻟﺭﺤﻴﻡ
  ﺘﺯﺭﺍﻉ ﺍﻟﺼﺤﺭﺍﺀﻤﻌﻬﺩ ﺩﺭﺍﺴﺎﺕ ﺍﻟﺘﺼﺤﺭ ﻭﺍﺴ
ﺍﺴﺘﺒﻴﺎﻥ ﻋﻥ ﺍﻻﺜﺎﺭ ﺍﻻﺠﺘﻤﺎﻋﻴﺔ ﻭﺍﻻﻗﺘﺼﺎﺩﻴﺔ ﻻﻋﺎﺩﺓ ﺍﻟﺘﺎﻫﻴل ﺒﺎﻟﻤﻨﺎﻁﻕ ﺍﻟﺯﺭﺍﻋﻴﺔ ﺍﻟﻤﺘﺼﺤﺭﺓ ﺸﻤﺎل ﻏﺭﺏ 
  ﻤﺸﺭﻭﻉ ﺍﻟﺠﺯﻴﺭﺓ
  :ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﺸﺨﺼﻴﺔ ( ﺃ)
  ..............................ﺍﻟﺘﻔﺘﻴﺵ/ 2..................................... .ﺍﻻﺴﻡ/ 1
  (        )ﻰ ﺃﻨﺜ    (       )ﺫﻜﺭ     : ﺍﻟﻨﻭﻉ/ 3
   (  : )     ﺍﻟﻌﻤﺭ/ 4
         ()ﻋﺎﺯﺏ       (  )  ﺃﺭﻤل     (       )   ﻤﻁﻠﻕ (           )ﻤﺘﺯﻭﺝ  :ﺍﻟﺤﺎﻟﺔ ﺍﻻﺠﺘﻤﺎﻋﻴﺔ/ 5
       (        )ﻤﺘﻭﺴﻁ             ()ﺍﺒﺘﺩﺍﺌﻲ  )         (   ﺨﻠﻭﺓ    (     )    ﺃﻤﻲ: ﺍﻟﻤﺴﺘﻭﻯ ﺍﻟﺘﻌﻠﻴﻤﻲ/ 6
        ()   ﻌﻲ ﺠﺎﻤ         (        )ﺜﺎﻨﻭﻱ 
)       (    ﺃﻋﻤﺎل ﺤﺭﺓ       ( )  ﺯﺭﺍﻋﻲ        (   )ﻋﻭﻱ ﺭ  )       ( ﺘﺠﺎﺭﻯ :  ﻤﺼﺩﺭ ﺍﻟﺩﺨل/ 7    
  )        (     ﻭﻅﻴﻔﺔ 
        ()  ﻻ )        (               ﻨﻌﻡ              ﻫل ﺘﻤﺎﺭﺱ ﺃﻱ ﻨﺸﺎﻁ ﺁﺨﺭ ﻤﻊ ﺍﻟﺯﺭﺍﻋﺔ؟  / 8
       : ﻭﻉ ﺍﻟﻨﺸﺎﻁﺤﺩﺩ ﻨ. ﻓﻲ ﺤﺎﻟﺔ ﺍﻹﺠﺎﺒﺔ ﺒﻨﻌﻡ    
  .................................................................................................. 
  )           (ﻋﺩﺩ ﺃﻓﺭﺍﺩ ﺍﻷﺴﺭﺓ / 9
      ( )      ﺍﻟﺩﺨل ﺍﻟﺴﻨﻭﻱ ﺒﺎﻟﺘﻘﺭﻴﺏ / 01
                 ()  ﻁﻭﺏ /ﻗﺵ   )       ( ﻁﻭﺏ /ﻁﻴﻥ( )       ﻗﺵ /ﻁﻴﻥ( )       ﻁﻴﻥ : ﻨﻭﻉ ﺍﻟﺴﻜﻥ/ 11
       ()  ﻗﺵ 
     (  )        :ﺍﻟﻤﻨﺘﺠﻭﻥﻋﺩﺩ ﺃﻓﺭﺍﺩ ﺍﻷﺴﺭﺓ / 21
 (  )     ﺍﺭﺘﻭﺍﺯﻴﺔ ﺒﺌﺭ    )      ( ﺤﻔﻴﺭ )      (  ﻰ ﻤﻴﺎﻩ ﺍﻟﺸﺭﺏ؟ ﺒﺌﺭ ﻋﺎﺩﻴﺔ ﻤﻥ ﺃﻴﻥ ﺘﺘﺤﺼل ﻋﻠ/ 31
  (      )   ﺃﺨﺭﻯ ﺤﺩﺩ     (         ) ﺘﺭﻋﺔ   (       )ﻋﺩ
 68 
  :ﺍﻟﻘﻁﺎﻉ ﺍﻟﺯﺭﺍﻋﻰ( ﺏ) 
  (    ) ﺍﻟﻤﺸﺭﻭﻉ؟   ﺩﺍﺨلﻤﺎ ﻫﻲ ﺍﻟﻤﺴﺎﺤﺔ ﺍﻟﻜﻠﻴﺔ ﺍﻟﻤﺯﺭﻭﻋﺔ / 41
     ()         ﻻ              (     )     ﻨﻌﻡ        ﻫل ﺘﻭﺍﺠﻪ ﻤﺸﺎﻜل ﻓﻲ ﺍﻟﺭﻱ؟ / 51
ﻤﺎ ﻫﻲ ﻫﺫﻩ ﺍﻟﻤﺸﺎﻜل؟ . ﻓﻲ ﺤﺎﻟﺔ ﺍﻹﺠﺎﺒﺔ ﺒﻨﻌﻡ       
  .................................................................................................
  ( )         ﻻ  (                 )    ﻨﻌﻡ      ﻫل ﺘﻌﻤل ﺒﻨﻅﺎﻡ ﺍﻟﺸﺭﺍﻜﺔ ﻓﻲ ﺍﻟﺤﻴﺎﺯﺓ ﺍﻟﻤﻤﻠﻭﻜﺔ؟/ 61
ﻟﻤﺎﺫﺍ؟ :ﻓﻲ ﺤﺎﻟﻪ ﺍﻹﺠﺎﺒﺔ  ﺒﻨﻌﻡ      
  ..................................................................................................
  ................................................ .......:........................ﺸﻜل ﺍﻟﺸﺭﺍﻜﺔ/ 71
  : ﻭﺍﻹﻨﺘﺎﺠﻴﺔ ﻭﺃﻤﺎﻜﻥ ﺍﻟﺒﻴﻊ ﻭﺍﻷﺴﻌﺎﺭ3002/0022ﻨﻭﻉ ﺍﻟﻤﺤﺎﺼﻴل ﺍﻟﻤﺯﺭﻭﻋﺔ ﻟﻠﻤﻭﺴﻡ / 81
ﺍﺴﻡ 
 ﺍﻟﻤﺤﺼﻭل
ﻓﻭل 
 ﺴﻭﺩﺍﻨﻲ
 (ﺤﺩﺩ)ﺃﺨﺭﻯ  ﻤﻭﺍﻟﺢ ﻗﻁﻥ ﻗﻤﺢ ﺫﺭﺓ
       ﺍﻹﻨﺘﺎﺠﻴﺔ
       ﻤﻜﺎﻥ ﺍﻟﺒﻴﻊ
       ﺍﻷﺴﻌﺎﺭ
  
  : ﻭﺍﻹﻨﺘﺎﺠﻴﺔ ﻭﺃﻤﺎﻜﻥ ﺍﻟﺒﻴﻊ ﻭﺍﻷﺴﻌﺎﺭ4002/3002 ﻨﻭﻉ ﺍﻟﻤﺤﺎﺼﻴل ﺍﻟﻤﺯﺭﻭﻋﺔ ﻟﻠﻤﻭﺴﻡ/ 91
ﺍﺴﻡ 
 ﺍﻟﻤﺤﺼﻭل
ﻓﻭل 
 ﺴﻭﺩﺍﻨﻲ
 (ﺤﺩﺩ)ﺃﺨﺭﻯ  ﻤﻭﺍﻟﺢ ﻗﻁﻥ ﻗﻤﺢ ﺫﺭﺓ
       ﺍﻹﻨﺘﺎﺠﻴﺔ
      ﻤﻜﺎﻥ ﺍﻟﺒﻴﻊ
       ﺍﻷﺴﻌﺎﺭ
  
  
  
  
 78 
  :ﺍﻟﺜﺭﻭﺓ ﺍﻟﺤﻴﻭﺍﻨﻴﺔ( ﺝ) 
 ﺍﻟﻨﻭﻉ
 
ﻴﺔ ﺍﻟﻠﺒﻥ ﺇﻨﺘﺎﺠ ﺍﻟﻌﺩﺩ ﺒﻠﺩﻱ ﻫﺠﻴﻥ
 ﻭﺍﻟﺒﻴﺽ
 ﺍﻷﺴﻌﺎﺭ ﻤﻜﺎﻥ ﺍﻟﺒﻴﻊ ﻤﻜﺎﻥ ﺍﻟﺭﻋﻲ
        ﺃﺒﻘﺎﺭ
        ﻤﺎﻋﺯ
        ﻀﺎﻥ
        ﺩﻭﺍﺠﻥ
        ﺍﻟﺒﺎﻥ
        ﺃﺨﺭﻯ
  
  :ﺍﻟﻐﺎﺒﻰﺍﻟﻘﻁﺎﻉ ( ﺩ)
    (        )ﻻ                (      )   ﻫل ﺘﻘﻭﻡ ﺒﻘﻁﻊ ﺍﻷﺸﺠﺎﺭ؟         ﻨﻌﻡ / 02
    .......................                   .....................................:ﻟﻙ لﻓﻲ ﺤﻠﺔ ﺍﻹﺠﺎﺒﺔ ﺒﻨﻌﻡ ﻴﻜﻭﻥ ﺫ    
  ...............................................................................................
  :   ﻓﻲ ﺤﺎﻟﺔ ﺍﻹﺠﺎﺒﺔ ﺒﻼ ﻴﻜﻭﻥ ﺫﻟﻙ ل     
  (   )ﺒﺄﻫﻤﻴﺔ ﺍﻷﺸﺠﺎﺭ ﻓﻲ ﻤﻜﺎﻓﺤﺔ ﺍﻟﺘﺼﺤﺭ ﻤﻌﺭﻓﺘﻲ     (  )ﻗﻭﺓ ﺍﻟﻘﺎﻨﻭﻥ      
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